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the Creeping Sleeve 


Lead sheathing on telephone cable meets many stresses— 
the tug of its own weight, wind pressure, contraction and 
expansion from cold and heat. Then, too, there’s the pres- 
sure of nitrogen gas put in Long Distance cable to warn of 
sheath breaks and keep out moisture. 

And, sometimes, lead is subject to “creep”—a perma- 
nent stretching—even when the stress is but a fraction of 
the normal tensile strength. Creep is especially likely at 
the lead sleeves used where two lengths of cable are joined. 
The sleeve may stretch and break open exposing telephone 
circuits to the elements. 

So Bell Laboratories scientists have developed methods 
to test and control creep. In a special testing room, weights 
are applied to scores of samples of lead, under controlled 
conditions. Exact records of the amount of creep are ob- 
tained with a precision instrument. 

Years of careful study have produced a lead composition 
which resists creep and yet has all the other properties re- 
quired of sleeves. This means better telephone service for you 
and helps give that service at lowest possible cost. It is an 
example of the way Bell Telephone Laboratories scientists 
study and improve every part of the great telephone plant. 


BELL TELEPHONE LABORATORIES 


EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR CON- 
TINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE. 
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T NOW appears that the ultimate standard of 
length has been found in a wave length of radi- 
ation emitted by mercury 198, an isotope 


@transmuted from gold by neutron bombardment. 
@lt will be shown that the homogeneity, reproduc- 
Pibility, and convenience of this standard cannot be 


surpassed by any other. It is, therefore, inevitably 


Hthe ultimate standard of length, basic for the 
definition of all other units, including the meter. 


The meter, as everyone knows, was designed 


about 1790 to represent one ten-millionth of the 


earth’s quadrant. In 1827, some natural philoso- 


@phers, meeting in Paris, speculated that the meter 


could not be reproduced if the form or size of the 
earth were changed by collision with a comet. This 


inspired Sir Humphry Davy, the English chemist, 
to propose as a natural standard, independent of 


terrestrial form, the diameter of a capillary tube of 
glass in which water would rise to a height exactly 
equal to the tube’s diameter. Recognizing the defects 
of this standard, Jacques Babinet, a French natural 


BP philosopher, suggested that a wave length of light 


in a vacuum would be a better one. The same sug- 
gestion was later made independently by German, 


: Dutch, and British scientists, but the first prac- 
Wtical results must be credited to two Americans, 
A.A. Michelson and E. W. Morley, who, in 1887, 


outlined “A method of making the wavelength of 


J sodium light the actual and practical standard of 


THE ULTIMATE STANDARD OF LENGTH 
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length.” Their method involved the use of the 
optical interferometer, which they devised for their 
celebrated experiments on the relative motion of 
the earth and ether; it consisted of the measure- 
ment of a length by counting an equivalent num- 
ber of interference fringes. 

Although the meter was originally intended to 
be the 10,000,000th part of the earth’s meridional 
quadrant through Paris, a platinum end standard 
(Metre des Archives) of approximately this 
length was accepted as basic for the metric sys- 
tem until superseded in 1889 by the present In- 
ternational Prototype Meter, which is defined by 
the distance at the temperature of melting ice be 
tween the centers of two lines traced on the plat- 
inum-iridium bar deposited at the International 
Bureau of Weights and Measures. Within the 
limited accuracy of comparison the present Pro- 
totype is identical with the original meter, but 
its legal definition does not refer to any natural 
standards or to physical constants. 

In 1889 Michelson and Morley described in de- 
tail a method of measuring the meter in light 
waves and stated that the brilliant green mercury 
line would in all probability be the wave to be 
used as the ultimate standard of length. When 
Michelson applied his interferometer to a study of 
the homogeneity of spectral lines, he discovered 
that atomic radiations, in general, were not strictly 
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monochromatic. In particular, he found that the 
green mercury line was one of the most complex 
in nature, and that the red light of cadmium was 
most nearly homogeneous. 

Michelson, in 1892, went to the International 
Bureau of Weights and Measures and made the 
first accurate determination of the relation between 
the meter and the wave length of cadmium red 
radiation. This experiment was repeated in 1905 
by three French scientists, and their value, 
6,438.4696 A, or 10°?° meter, was adopted in 1907 
as the primary standard of wave length and defi- 
nition of the angstrom unit. During the next forty 
years the most precise measurements of length 
were made with this standard. 

During World War I there was great anxiety 
and fear that a bomb might accidentally destroy 
the world’s Prototype Meter. The best way to in- 
sure the meter against accident or change is to 
define it in terms of an indestructible but accurately 
and easily reproducible wave length. In 1927 
the Bureau of Standards recommended that the 
International Conference on Weights and Measures 
do this, but a conservative Conference defined, 1m 
a provisional manner, 1 meter equals 1,553,164.13 
wave lengths of red radiation from cadmium and 
explained that it was not a question of giving a 
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true relation between the meter and the way 
length, but only a metric value of the latter whic! 
could be modified by future experiments. In tt: 


next double decade the meter-wavelength exper. Jjenot 
7 5 


ment was repeated seven more times, thus makin; 
nine determinations in all. A summary, recent! 
published by H. Barrell, of the (British) Nationa 
Physical Laboratory, is shown in Table 1. Th: 
average deviation of one of these values from th: 
arithmetical mean of all of them is one part i: 


seven million, which is truly remarkable consider. 7 


ing that each ruled line on the meter is ten to twely 
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wave lengths wide. Notice that the final averag 7 
of all is identical with the value measured in 1905 7 


This may be regarded as proof that in a period o/ 
forty-eight years the meter did not change it 
length beyond the limit of accuracy of these mea 
surements. However, metal end gauges, suscep- 
tible of greater accuracy of wavelength measure. 


to change with time, and there is no a priori reaso: 
to believe that any material standard of length i: 
strictly immutable. It may be assumed, on the 
other hand, that a wave length of monochromati 
light, produced and observed under specified con. 
ditions, represents a permanent, reproducible, wm 
changing, and sharply definable unit of length; al! 


TABLE 1 


VALUES OF THE WAVE LENGTH OF THE CADMIUM Rep LINE IN TERMS OF THE 
INTERNATIONAL METRE (UNIT=1 X 107m) 





DIFFERENCES FROM MEAN 


| 

| CoRRECTED AND 

| 2 
| 

| 




















DATE OF | OBSERVERS ORIGINAL ADJUSTED VALUES | Pp 
DETERMINATION | | VALUES sie Wletha b> ihn 10m — 
1892-93 | Michelson and Benoit 6,438.4722 6,438.4691 — 0.0005 —0.08 
| (B.I.P.M.) 
1905-06 Benoit, Fabry and 6,438.4696 6,438.4703 + 0.0007 +0.11 
| Perot (B.I.P.M.) | | 
1927 | Watanabe and 6,438.4685 6,438.4682 | 0.0014 = 0.22 
Imaizumi (Tokyo) | 
1933 Sears and Barrell 6,438.4711 6,438.4713 | +0.0917 + 0.26 
(N.P.L.) | 
1933 KOosters and Lampe 6,438.4672 6,438.4689 —0.0007 | -0.11 
(P.T.R.) 
1934-35 | Sears and Barrell | 6,438.4709 | 6,438.4709 +0.0013 | + 0.20 
(N.P.L.) 
1934-35 | Késters and Lampe 6,438.4685 | 6,438.4690 0.0006 | ~0.09 
(2 .2.0%.) | 
1937 K6sters and Lampe 6,438.47C0 | 6,438.4700 +0.0004 | + 0.06 
| (P.T.R.) | | | 
1940 | Romanova, Varlich, | 6,438.4677 6,438.4687 —0.0009 | - 0.14 
Kartashev and | 
Batarchukova | | 
| Leningrad) | | | | 
| | Mean | 64384696 | 0.0009 | £0.14 
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@experience supports this assumption. Although a 


wave of green light is only 1/50,000 inch in length, 
it can be reproduced within 1/100,000,000 of its 
length, and length measurements with light waves 
can be made with this accuracy. Even if the ruled 
lines on meters could be bisected to 1/100 of their 
width, length measurements with homogeneous 


Slight waves are capable of tenfold greater accuracy. 


a 





In order to attain the maximum accuracy oi 
length measurements with light waves, it is neces- 
sary to employ the most homogeneous or mono- 
chromatic waves that can be found. Sixty years 
ago it was generally assumed that all spectral lines 
were monochromatic and invariable. In 1892 
Professor Michelson devised an_ interference 
method of testing this assumption and found that 
most of the lines examined were complex; that is, 
instead of being single they consisted of two or 
more close components with unequal intensities. 
Michelson proved that the effective wave length 


of such a group of lines would depend on the 


phase relations and relative intensities of the com- 
ponents when applied to length measurements. 
He found the green mercury line the most com- 


7 plex, and the red cadmium line the most homo- 


geneous, of any that he tested. Consequently, he 
discarded the green line of mercury as an ultimate 
standard and determined the number of waves of 
red radiation from cadmium vapor equivalent to 
one meter. 

Michelson’s discovery, in 1892, of spectral line 
complexity led to intensive investigation of this 
phenomenon, but an acceptable explanation of it 
was delayed for nearly forty years. Even though 
chemical isotopes were discovered in 1913, it was 
necessary to await the development of the quan- 
tum theory of atomic spectra before the complex 


}structure of spectral lines could positively be 


ascribed to atomic nuclei. The actual phenomena 


} are somewhat complicated, but they are simply il- 


lustrated by the mercury green line whose struc- 


} ture was first accurately observed and interpreted 
yin 1931. Theory and experiment agree that this 


line has sixteen components as shown in the left 
half of Figure 1. 


Natural mercury consists of a mixture of seven 


} isotopes with mass numbers (relative to oxygen = 


16) 196, 198, 199, 200, 201, 202, and 204. All 
are characterized by the well-known spectrum of 
mercury, consisting, in the visible range, of two 
close yellow lines (5,791 and 5,770 A), a bright 
green line (5,461 A), a strong blue line (4,358 A), 


) and a violet line (4,047 A). To these (and other) 
} mercury lines each isotope contributes one or more 


wv 


components of which not any are exactly coinci- 
dent. The component displacements have two 
different causes, isotope shift and nuclear spin. 
Mercury isotopes with even mass numbers (but 
no nuclear spin) contribute single components 
shifted in accordance with mass as shown in Figure 
1. The two isotopes with odd mass numbers, 199 
and 201, have nuclear spins (of 1/2 and 3/2 units, 
respectively) which interact with the valence or 
optical electrons to produce close groups or clus- 
ters of lines called hyperfine multiplets. Thus the 
green line of natural mercury receives three com- 
ponents from Hg'®® and eight from Hg?®, which, 
added to five from even-mass isotopes, totals six- 
teen. 

The objectionable complexity of mercury lines 
could be eliminated if one even isotope could be 
separated from the rest, but until recently it 
has not been practicable to isolate or concen- 
trate an isotope of natural mercury in sufficient 


























_ — 1996 
— oe T _ T T 
700 4 
600F 4 
5O0OF 4 
400Fr 4 
300} 20!¢ a 
wx 
WwW 
= 200} 
z 201—4 _ 
a 
> iook 2014 4 
= 
< 199 202 204 
. 
oO 20! (rere ea 
no 198 
= -i00F 20! a 
2 196 
% -200} : 
> 
r 2014 
— = = od 
300 199 
-400} 4 
20!« 
-500}F 4 
-600F 7 
-700F 4 
i 1 J 2012 i. i i l 
40 30 20 10 0 20 40 60 80 100 
INTENSITY, PERCENT 
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16 components of green radiation from natural mercury ; 
their lengths are proportional to intensities (or isotopic 
abundances), and their isotopic origins are indicated by 
mass numbers. (Right) Green radiation from mercury 198 
has only one component. 
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quantity to make any lamps. This most desir- 
able end has now been attained, however, by trans- 
muting gold Au’? into mercury Hg’, thus 
reversing the alchemist’s age-old experiment for 
the simple reason that mercury 198 as the ultimate 
standard of length is worth infinitely more than 
gold. The nuclear reaction that transmutes gold 
into mercury was first reported in 1934 from the 
University of Rome by E. Fermi et al., who used 
a mixture of beryllium powder. and radon as a 
neutron source to bombard gold. Neutrons that 
attach themselves to nuclei of gold atoms produce 
a highly radioactive isotope of gold which decays 
rapidly (half-life, 2.7 days) and becomes a stable 
isotope of mercury. Before 1940 such experi- 
ments yielded only infinitesimal amounts of trans- 
muted elements, which could not be seen, weighed, 
or detected except by radioactive effects. Late 
that year L. W. Alvarez, of the University of Cali- 
fornia, boldly suggested that neutrons from a cy- 
clotron might transmute sufficient gold into mer- 
cury to be detected spectroscopically. Exposure of 
one ounce of gold to neutrons for one month 
yielded enough mercury to produce a tiny elec- 
trodeless lamp that shone for about five minutes, 
during which the first interference spectrogram 
was made, thus demonstrating that the green line 
of mercury could be emitted entirely free from 
complex structure. This is shown diagrammati- 
cally in the right half of Figure 1. 

Recognizing the importance of the experiment 
reported by J. H. Wiens and L. W. Alvarez, and 
wishing to increase the production of Hg’®® so 
that one or more durable lamps could be made, 
the National Bureau of Standards purchased forty 
ounces of proof gold and requested the University 
of California to bombard it with neutrons for one or 
more years. Unfortunately, World War II in- 
terfered with this project, and only submicroscopic 
quantities of artificial mercury were made. The 
prospects were very discouraging until, near the 
end of the war, there were rumors of a secret 
source of neutrons thousands of times more effec- 
tive than the largest cyclotron. In 1945 the Na- 
tional Bureau of Standards’ gold was transferred 
from California to Tennessee. A year later the 
Bureau distilled from this gold about sixty milli- 
grams of mercury, which was tested with the in- 
terferometer and mass spectrometer, and found to 
be highly pure Hg*®*. Some of this Hg’*® has 
been used in the preparation of several types of 
lamps. These are being studied to determine which 
will be best for length measurements. 

The ultimate in simplicity of lamp construction 
has been found in an electrodeless discharge tube, 
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Fic. 2. Mercury 
lamps, either with 
or without water 
cooling, emit light 
when excited by 
high-frequency ra- 
dio waves. A gentle 
stream of cold 
water around the 
lamp insures that 
the lamp is at a 
constant low tem 
perature and that it 
will emit sharp lines 
without any self- 
reversal. (Lamps 
shown are about 54 
natural size.) 
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nade by sealing small amounts of gas or vapor in 
evacuated tubes of glass or quartz (Fig. 2). 





BWhen such tubes are held in a high-frequency 
Belectrostatic field, the inclosed gas or vapor emits 






its characteristic atomic radiations. By this method 
intense light emission can be obtained from 






Mmercury at extremely small vapor density and low 





temperature, which are necessary conditions for 
sharp lines. Several lamps of this type have been 





Wmade, each containing a few milligrams of natural 





mercury or of artificial Hg’®*. Green light from 
one of the lamps containing natural mercury was 
selected with colored glass filters and collimated to 
illuminate a Fabry-Perot interferometer, which 
consists simply of two silvered flat planes adjusted 
accurately parallel as shown in Figure 3. Mul- 
tiple reflections occur between the planes, and 
when the transmitted rays are collected by a lens 
they form at the principal focus a system of circular 
interference fringes. Such a set of fringes was 
photographed for natural mercury ; the photograph 
was bisected, and one half is reproduced in Figure 
4. The lamp containing natural mercury was next 
replaced by one containing artificial mercury 198; 
the same interferometer was illuminated by fil- 
tered green light, and the fringes were photo- 
graphed. One half of the interference pattern of 
the green light from Hg’®® is reproduced in Figure 
4 juxtaposed to that from natural Hg1®% 1%: 199,200, 
201,202,204 Ts there any doubt about which is which? 

No matter how sharp and single-valued the 
Hg"*s fringes may be, they are of no value what- 


















® ever for length measurements until the lengths of 





the Hg’®* light waves themselves have been ac- 
curately measured. This is being done by com- 
paring them with the primary standard of wave 
length, 6,438.4696 A, provisionally adopted as 
the metric value of the red radiation from Michel- 
son’s type of cadmium lamp. Because of the rela- 
tive coarseness of ruled-meter lines compared with 
light waves it is possible to measure one light 
wave in terms of another ten times more accu- 
rately than either can be measured relative to the 
ruled meter. 

Comparisons of wave lengths by interferometer 
methods are among the most beautiful experi- 
ments in physical optics ; in simplicity and precision 
they are outstanding among physical measure- 
ments. The experimental arrangement is shown 
pictorially in Figure 5 and diagrammatically in 
Figure 6. A mercury 198 lamp is imaged inside 
a cadmium lamp (or vice versa), and light from 
both lamps simultaneously illuminates an_ inter- 
ferometer, The transmitted light is collected by 
an achromatic lens that images interference patterns 














on the slit of a spectrograph, which in turn forms 
a spectrum (by prismatic dispersion) and focuses 
monochromatic slit images with interference pat- 
terns superposed but without the confusion of over- 
lapping. A portion of such an interference spec- 
trogram is reproduced in Figure 7. 

The interferometer itself is extremely simple ; as 
stated above, it consists of two perfectly flat glass 
or quartz plates separated by a certain distance and 
adjusted accurately parallel. The adjacent faces 
of such a pair of interferometer plates are coated 
with thin films of silver or other metal to reflect 
80-95 percent of the incident light. When such 
an interferometer is illuminated by monochromatic 
radiation and viewed from the other side, a system 
of perfectly circular interference fringes is seen in 
the transmitted light appearing to come from in- 
finity. Bright areas result from constructive inter- 
ference, and dark areas from destructive interfer- 
ence, of the successive reflections and transmis- 
sions of light waves. Of particular interest is the 
illumination at the center of each pattern; if the 
center exhibits maximum brightness it means that 
the number of light waves in the double distance 
(to and fro) between the interferometer plates is 
an integer, or whole number, because the successive 
components are all in phase to interfere construc- 
tively. If the center is dark it means that the 
number of waves in the double distance between 
the plates is an mteger plus a fraction which is 1/2 
for maximum darkness occurring when the crest 
of one wave coincides with the trough of another ; 
that is, they are 1/2 wave length out of phase. In 
general, the fraction will have a value between zero 
and unity because successive fringes represent a 
change of one wave length in retardation between 
the plates. With highly homogeneous waves this 
fraction is determinable to one one-thousandth of a 
wave, and herein lies the unique advantage of 
measuring lengths with light waves; the scale divi- 
sion is ten thousand times finer than the lines ruled 
on a meter bar. 

In terms of any particular light wave the double 
distance (to and fro) between two parallel inter- 
ferometer plates is the product of the wave length 
and the number of waves, which, in general, as 
just stated, consists of an integer and a fraction. 
This number of waves in the double distance is 
called the retardation, or the path difference, or 
the order of interference. Assuming that the 
double distance between the interferometer plates 
is the same for all wave lengths, it can be expressed 
for each as the product of wave length and appro- 
priate order of interference. The ratio of two wave 
lengths is, therefore, equal to the inverse ratio of 
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their orders of interference. Thus, the wave length 
of the green wave of mercury is determined from 
that of the red wave of cadmium by multiplying the 
latter by its order of interference and dividing this 
product by the order of interference of the former. 

In principle, the orders of interference, what- 
ever their value, may be determined by starting 
with the interferometer plates in contact and then 
counting fringes which flow out as the plates are 
separated. This was the procedure actually used 
by Michelson when he determined the number of 
cadmium waves in a meter, but to avoid the tedious 
labor and risk of blunder in counting 1,553,164 
waves he counted only about 1,212 contained in 
0.39 millimeter and then doubled this number 
eight times in succession to reach a decimeter, 
finally comparing this wave-measured decimeter 
with the meter by displacing the former ten times 
its own length. 

Now, by using the green and yellow lines of 
Hg’, it is possible to determine orders of inter- 
ference or measure lengths without counting any 
fringes at all. The only requirements are measure- 
ments of a few interference-ring diameters, accu- 
rate values of the wave lengths, and an approximate 
value of the distance between the interferometer 
plates. 

The fractional part of the order of interference 
is derivéd directly from measurements of ring 
diameters, It is seen (Figs. 4, 7) that the inter- 
vals between successive rings are not constant; the 
separations decrease with increasing ring number 
counting from the center. But theory and mea- 
surement agree that these rings are a quadratic 
function ; that is, the squared values of successive 
ring diameters differ by a constant. Because the 
squared values of these ring diameters are a linear 
function of ring number, the fractional order at 
the center of the pattern is simply obtained by di- 
viding the square of the first-ring diameter by 
the constant difference between squares. Ob- 
viously, the unit of length employed in measuring 
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ring diameters is immaterial because the unit can- 
cels out in the quotient. 

Assuming that the fractional orders of inter- 
ference have been thus measured for the green ra- 
diation 5,461 A and for the two yellow radiations 
5,770 A and 5,791 A, the next step is to determine 
the whole number or integral order of interference 
for each of these radiations. Starting with a scaled 
or calipered approximation of the distance be- 
tween the interferometer plates, double that dis- 
tance is divided by 5,791 A to get the nearest whole 
number of waves. To this trial number is added 
the measured fractional order, and this sum is then 
multiplied by the wave length to give a double 
distance that includes the correct fraction but pos- 
sibly an erroneous integer. If the trial number is 
correct, division of the double distance by the wave 
length 5,770 A will yield a corresponding whole 
number and fraction, and this computed fraction 
will agree with the measured fraction for this wave 
length. If these computed and measured fractions 
disagree, the divergence shows how large an error 
exists in the trial whole number, because the rates 
of change of wave numbers are inversely propor- 
tional to the wave lengths. This yellow pair of 
mercury radiations differs in wave length only 21 
A, which is 1/275 of a wave. If the order of in- 
terference for 5,791 A is reduced by exactly one 
wave the order of interference for 5,770 A will be 
reduced by one plus 1/275 wave (because it is 
1/275 shorter), and any given configuration 
of their interference patterns cannot recur except 
at intervals of 275 waves. Therefore, dividing 
the difference between the computed and mea- 
sured fractions by 1/275 indicates at once how 
many waves to add (or subtract) from the first 
trial whole number. Then the corrected double 
distance is divided by the wave length 5,461 A of 
the green wave to check the correction and get its 
integral order of interference (without counting 
any fringes). In terms of green mercury waves 
the double distance is this integral order plus the 
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_ Fig. 3. Light from one point of an extended light source is traced through a Fabry-Perot interferometer to its 
image on a slit, or screen. This image will be either light or dark, according as the retardation of successive reflections 
and transmissions is an even or odd multiple of half wave lengths. The symmetry of this condition about the optical 


axis forms circular fringes. 
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n- “Myneasured fraction. If the interferometer plates atomic mass divided by the absolute temperature. 
M.re in optical contact with the end faces of a plane- The residual fuzziness is fully explained by the 
t- “Mparallel end gauge, the gauge length will be half random motions of the radiating particles: those 
‘a- “Mipf the observed order of interference. Indeed, this moving toward the detector appear to emit slightly 
ns Mis the method actually used since World War I for shorter waves and those moving away appear to 
ne the absolute measurement of all precision end _ emit slightly longer waves. (This is an example of 
ce Myauges, “Johansson blocks,” and the like, except the well-known Doppler principle.) Naturally these 
ed that mercury lines could not be employed. Hereto- atomic motions are least for heavy particles at 
- ‘Bfore, such measurements with cadmium lines have low temperatures. Since mercury atoms are nearly 
is- ‘Mbeen restricted to lengths of the order of four inches twice as heavy as cadmium atoms, and radiate 
le Bor ten centimeters, but with Hg'®* waves it will be strongly at less than half the absolute temperature, 
ed Dpossible to measure directly more than ten inches mercury waves will be less than half as fuzzy as 
el “For one-quarter meter. cadmium waves, other things being equal. 
le @ Cadmium consists of a mixture of eight isotopes, 
S- The advantages of measuring lengths with three and most of its lines exhibit hyperfine structure. 
is radiations of Hg’®* may be summarized as follows: Although the isotopic structure of the red radia 
ve @The yellow pair is happily heuristic for the order tion from cadmium has never been resolved, it is 
le Bof interference since coincidences can recur only very likely present. Natural mercury consists of 
yn : at intervals of 275 waves. Any distance known seven isotopes, but this isotopic complexity has 
7e @within half of this interval can then be measured been removed in the manufacture of mercury 198 
1s Bto one one-thousandth of a green 
ot @wave without counting any 
*s fringes. Coincidence rates and 
r- @measured fractional orders lead 
of Huniquely to the correct integral 
‘1 @orders. Theoretically, with Hg'®* 
1- waves, orders of interference ex- 
¢ |ceeding a million waves can be 
 Yapplied to length measurements. 
is Since the integral order is deter- 
n @minable without error, and the 
it | fractional part can be measured to 
g one one-thousandth, uncertainties 
- in length measurements may be 
y reduced to one part in a billion, 
t or thousand million. 
e Certainly, for purposes of 
f @length measurement, the waves 
s of mercury 198 are an improve- 
g ment over natural mercury; they 
s @are also an improvement over 
e waves characteristic of cadmium 
atoms. Now one may ask the 
question “Why is a wave length 
of mercury 198 the ultimate stand- 
ard of length?” 
The most nearly ideal wave- 
length standard must satisfy cer- 
) tain conditions as to nionochroma- 
| ticity, reproducibility, intensity, a 
‘ and convenience. 
t At low pressures and moderate Fig. 4. Circular interference fringes formed by a Fabry-Perot inter- 
sf} electrical excitation the monochro- _ferometer illuminated with green light from lamps containing (left) seven 
s & radiations isotopes of natural mercury and (right) a single isotope, mercury 198, made 


| [ Maticity of atomic 


‘ by transmuting gold. Faint eccentric fringes on the right are caused by re- 
varies as the square root of the 


flections from the last, unsilvered, slightly inclined interferometer surface. 















Fig. 5. An optical train for measuring wave lengths emitted by mercury 198 relative to the cadmium standard. 


The mercury lamp is imaged inside the cadmium lamp so that light from both sources passes simultaneously through 


a Fabry-Perot interferometer and into a prism spectrograph. 


from gold 197. Being a single isotope, the mercury 
198 radiations cannot exhibit isotope shifts, and be- 
cause the atomic nucleus has an even mass number 
and no detectable angular momentum there can be 
no hyperfine structure in its spectral lines. 

Although cadmium and mercury are divalent 
chemical analogues, and therefore exhibit relatively 
simple and similar atomic spectra, whatever dif- 
ferences exist are almost invariably in favor of 
mercury. For example, the brightest line in the 
cadmium spectrum occurs in the blue-green (5,086 
A), whereas the mercuric analogue is in the green 
(5,461 A), almost exactly coincident with the wave 
length for which the normal human eye is most 
sensitive. The red wave of cadmium (6,438 A) is 
intrinsically only one-tenth as energetic as the 
brightest line (5,086 A), and it is further handi- 
capped by the fact that the eye is only one-seventh 
as sensitive for red as for green. Consequently, for 
the visual adjustment of interferometers the green 
line of mercury is seventy times as intense as the 
red line of cadmium. The mercuric analogue of the 
cadmium red line (6,438 A) is a yellow line (5,791 
A) which is always accompanied by another yellow 
line of slightly shorter wave length (5,770 A) but 
nearly equal intensity. This. yellow pair of mer- 
cury lines produces interference coincidences at in- 
tervals of 275 waves and therefore facilitates (with- 
out counting any fringes) the determination, from 
a first approximation, of the uniquely correct order 
of interference; it has no equally useful counter- 
part in the spectrum of cadmium or of any heavier 
element. 





Mercury has the lowest freezing point (—39° C) 
of any metallic element, but even at that point it 
has a vapor pressure adequate for the excitation of 
its spectrum by high-frequency electric fields. At 
room temperature its vapor pressure is about one 
micron (of Hg), thus insuring the reproducibility 
of wave lengths emitted by mercury lamps at low 
or moderate temperatures because pressure dis- 
placements and all other effects associated with 
high vapor density will be inappreciable. 

Cadmium melts at 321° C, and to insure enough 
vapor to produce a spectrum the Michelson lamp 
must be enc-osed in a furnace kept at a tempera- 
ture between 300° and 320° C. This high tem- 
perature adds fuzziness to the waves, and heat 
convection and radiation from the furnace may dis- 
turb the adjustment of the interferometer or change 
the wave length by altering the air density. Owing 
to the inconvenience of operating the standard 
cadmium lamp in a furnace, that source has rarely 
been used except for measuring the meter and for 
the determination of some secondary standards of 
wave length. 

Mercury vapor is a pure monatomic gas which 
with moderate excitation emits a relatively simple 
spectrum characteristic of neutral atoms without 
any background of band spectra due to molecules 
or molecular compounds. The electronic structure 
and electron-binding forces are such that the spec- 
tral lines of mercury are distributed from ultra- 
violet to infrared. Two ultraviolet lines (1,850 A 
and 2,537 A) are the most intense; they produce 
ultraviolet burns (erythema) but are wholly ab- 
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Fig. 6. Schematic diagram of optical train for measuring relative wave lengths, or for measuring lengths in terms 
of wave lengths. Twice the distance between the interferometer plates is obtained from measurements of the diameter 


of circular interference fringes. See Figure 7. 
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sorbed by ordinary glass. The third strongest line 


Bis the green one (5,461 A), to be recommended as 


he ultimate standard of length. With moderate 
excitation of an electrodeless lamp, interference 
yatterns of this line can be photographed in a few 







mSeC( nds. 





A small prism spectrograph suffices for the sep- 





Baration of yellow and green interference patterns 






when making length measurements, and if the 
green line alone is desired for counting fringes or 





Wor testing optical flats it can be isolated by using 
appropriate and convenient color filters. Thus the 
@mercury waves of shorter length than green can 
Ball be absorbed by a solution of potassium dichro- 
Bmate or by a sheet of shade-yellow glass, and the 
Mtwo yellow lines can be removed by a solution of 
Bdidymium nitrate or a sheet of didymium glass. 









Mercury is the only heavy stable element that 





Phas an appreciable vapor pressure at low tempera- 





tures, and therefore it is unique among all elements 





Gin radiating, at low pressure and temperature, a 
Wrelatively simple spectrum of intense and exceed- 
Fingly sharp lines, provided that isotopic structure 
Fis eliminated. The green line of mercury, rejected 
by Michelson fifty-six years ago on account of 
complex structure, has finally been freed of its 
@seven-isotope curse, and now stands alone as the 
most nearly ideal standard wave length that can 
ever be obtained from any atoms, natural or arti- 
# ficial. Coupled with the fact that adequate quanti- 













ties of pure Hg’®* can now be made by neutron 





}bombardment of gold in chain-reacting piles, the 





unique properties of Hg'®® force the conclusion that 
a progressive scientific world will soon adopt the 






wave length of green radiation (5,461 A) from 





Hg*®* as the ultimate standard of length. 

Since it is the width and character of the ruled 
lines themselves that limit the accuracy of meter- 
wavelength intercomparisons, there is hardly any 
point to measuring the wave length of Hg’®*® green 








Blight relative to the meter. This wave length can 





readily be measured relative to that of cadmium 





| red light ten times more accurately than either can 





be measured relative to the meter. Adoption of 





the present provisional relation between the meter 
jand cadmium red wave as exact, and subsequent 






substitution of Hg*®* green for cadmium, appear to 
be the logical and expeditious approach to the 






Jultimate standard of length. 








In conclusion, I wish to emphasize that I am 


not trying to abolish the meter; on the contrary I 





1} 





am anxious to perpetuate it by giving it a scientific 
definition that will make it more accurately re- 
producible. The meter is here to stay because it 





Fig. 7. Fabry-Perot patterns tor the green and two 
yellow radiations of mercury 198 and the red radiation of 
cadmium, photographed simultaneously by means of a 
prism spectrograph. 
is a very convenient and useful instrument for cali- 
brating ruled scales with which most length mea- 
surements are made. It is highly arbitrary and 
unscientific, however, to define the primary stand- 
ard of length as a distance between two relatively 
coarse, irregular lines on a metal-alloy bar, espe- 
cially since there is no a priori reason for believing 
that such a material standard will be immutable 
for all time, or will forever survive all possible ac- 
cidents and world catastrophes. 

Everyone knows there has been a steady demand 
for increased accuracy of length measurement, both 
in science and in industry, but the present meter 
cannot satisfy all the requirements. The spectacu- 
lar demonstration of interference methods of mea- 
suring with light waves by Michelson in 1892 was 
soon followed by the first set of metric gauge blocks 
produced by Johansson in 1896, These contribu- 
tions set new standards of accuracy for the twen- 
tieth century, and the most precise measurements 
of lengths have been made, and will continue to be 
made, with light waves. It appears that the last 
possible improvements in this direction can now be 
made (1) by recognizing the wave length of green 
light from Hg’ as the Ultimate Standard of 
Length, and (2) by perpetuating a constant and 
more accurately reproducible meter through its 
definition in terms of the Ultimate Standard of 
Length in vacuo. 














BIOLOGICAL PROBLEMS OF THE OCEAN 


DANIEL MERRIMAN 


Dr. Merriman (Ph. D., Yale, 1939) has been director of the Bingham Oceanographic 
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Bureau of Fisheries, the Connecticut Board of Fish and Game, The American Wildlife 
Institute, and Yale University. His present article is based on a paper presented in the 


CEANOGRAPHY in its modern sense— 
including as it does the physical, chemical, 
and biological study of “. . . the sea and 

all that is therein” —is a young science. If we are to 
date its birth (and this is of little more than aca- 
demic interest), the three-and-a-half year, 69,000- 
mile expedition of H. M. S. Challenger three 
quarters of a century ago holds first claim. This 
cruise, resulting in widespread popular interest, a 
wealth of oceanographic data, and a magnificent 
series of publications, gave great impetus to re- 
search on the seas, 

It is well to remember that although the chief 
motive of the Challenger expedition was biological 
—the question of life at the depths of the ocean— 
this was really the first time that scientists inter- 
ested in the physics, chemistry, and biology of the 
sea worked together on problems of mutual inter- 
est. I spent a good share of last summer in England 
reading the original longhand, unpublished diaries 
and notes of some of the men on that expedition: 
Sir C. Wyville Thomson, Sir John Murray, J. J. 
Wild, J. Y. Buchanan, Dr. von Willemodes-Suhm 
and others, If there is any one thing these diaries 
show (apart from the breadth and capacity of the 
men themselves), it is the increasing understand- 
ing, as the voyage progressed, of the complete in- 
terdependence of the observations by chemists, 
physicists, and biologists in the solution of prob- 
lems of the ocean. There is now, as then, the abso- 
lute necessity that the workers in different branches 
of oceanography should be in close touch so that 
they may profit from one another’s advances. 

A century ago, at the time of the founding of the 
AAAS, marine biologists were concerned mainly 
with the distribution of the known forms and the 
search for, and description of, new species. Some 
conception of working conditions one hundred 
years ago may be gleaned from an article in the 
Athenaeum (London) of July 5, 1873, which com- 
pares the equipment on the Challenger (then on 
the first year of her expedition) with that of the 


AAAS Centennial symposium on “Problems of the Ocean,’ September 16, 1948. 








Rattlesnake, which was on surveying work in 184 
The Rattlesnake had on board as naturalist Mr: 


Macgillivray, and as surgeon no less distinguishe; @ 


a naturalist than Mr. Huxley. At Rio de Janeir 
they determined to try their luck, and Mr. Ma 
gillivray wrote: 


I had looked forward with eager anticipation to th: 


result of the first dredging of the voyage. None of th — 


ship’s boats could be spared, so I hired one pulled by fou 


negro slaves, who, although strong active fellows, hai 7 


great objections to straining their backs at the oar wher 
the dredge was down. No sieve having been supplied, \ 
were obliged to sift the contents of the dredge through ou 
hands,—a tedious and superficial mode of examination 
Still some fine specimens of a curious flat sea-urchin (Ev- 
cope marginata), and a few shells, encouraged us to per- 
severe. Two days after, Mr. Huxley and myself set t 
work in Botafago Bay, provided with a wire-gauze meat: 
cover, and a curious machine for cleaning rice; thest 
answered capitally as substitutes for sieves, and enable 
us, by a thorough examination of the contents of the 
dredge, to detect about forty-five species of mollusca an¢ 
radiata, some of which were new to science. 


The writer in the Athenaeum for 1873 conclude: 
his comparison of conditions on the Rattlesnal 
and the Challenger by the following somewhat ac: 
remark: “The Lords of the Admiralty have, w: 
are glad to know, learned since that time to render 
it unnecessary for naturalists sent out by them t 


rice.” 


I 


The Challenger expedition stimulated so muc! 
interest and brought back so many new specie: 
that marine biologists in the last quarter of th 
nineteenth century concentrated 
chiefly on description. Before long, however, th 


rate at which new species were discovered bega!” 
to decrease, and by the turn of the twentieth cen|7 
tury attention was focused more on faunistic an¢)) 
life-history studies. About this time the dread 0} 
depletion in certain major fisheries loomed large} 
particularly in the North Sea, which is fished s°/7 





their efforts) 
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Bjntensively by its bordering countries. Accordingly, 
in Europe there was formed the International 
SCouncil for the Exploration of the Sea, and here in 


— 





Fthis country the United States Bureau of Fisheries 





produced a most distinguished record of research. 
Johan Hjort, eminent Norwegian oceanogra- 
§pher, writing in 1907 on the question of the prac- 
Htical use of scientific fisheries investigations, com- 






Bpares agriculture with the fishing industry and 





sums up the ultimate goal of the fishery biologist 





of that time: 





_ in the history of agriculture in every country there 

has existed a period when all progress consisted in break- 
ing up fresh land, a time when there was far more un- 
utilised soil than there were human beings to till it. This 
is the period of expansive cultivation. But we also know 
that, with increasing population, there came in most of the 
old civilized lands a time when the question was, how to 
get the fullest advantage out of the fields in use—how to 











obtain from high farming the most beneficial and economi- 





cal results. So, too, we find in the fishing industry times 
when new fishing-grounds are discovered, while again 
another generation may be occupied with the problem of 
§ how to deal most profitably with the old grounds that are 
known so well.’ 










There were many causes for optimism in this aim 
of rational utilization. As but one example, the tool 
of age determination by scales and otoliths was now 
available; it therefore appeared possible not only 
to trace the variations in the ages of a stock of fish 
as a particular fishery developed—a task which 
would be for the fishing industry what population 
statistics are for insurance—but also to solve the 











|problem of at what age it is most profitable to 





catch the fish, both from the point of view of the 
return to the fisherman and the preservation of the 
stock for the future. Two fundamental questions 
were uppermost in the minds of the members of 
the fishing industry, and it was up to the biologist 
to answer them: 










1. The causes of the great fluctuations in annual yield of 
many prominent fisheries. 

2. The age-old argument as to whether or not the supply 
of fish was falling off as a consequence of overfishing. 








With regard to the first, fluctuations in the fish- 
eries have from time immemorial been of enormous 
economic importance ; in the Middle Ages, for in- 
stance, the appearance of herring schools was the 
deciding factor in the economy of whole provinces 
—towns sprang up or vanished with equal rapidity 
as schools of herring came or disappeared ; in more 
recent times certain Scandinavian cod fisheries 
have ranged in yield between 3 and 23 million fish 
within the short space of three years.? To under- 
stand these fluctuations in abundance, it is neces- 
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sary to know something of the reproductive habits 
of fishes*—quite apart from the causes of change 
in migratory pattern. In general, there is an in- 
verse relationship between the number of eggs a 
species lays and the amount of parental care given 
to those eggs and the developing young—the 
greater the number of eggs the less the amount of 
care and vice versa. With fish that lay few or an 
intermediate number of eggs and give varying de- 
grees of parental care, the mortality rates of the 
developing young tend to be fairly constant ; hence 
we know in a general way that a certain number 
of spawners will produce a predictable number of 
young, and it is therefore possible to control the 
size of the population. Here it is obviously neces- 
sary to protect the adult mature stock, through 
closed seasons, length limits, etc., so that an ade- 
quate recruitment of young is assured. With fish 
which produce huge numbers of eggs, however, 
(and accordingly offer them no protection), fre- 
quently there are tremendous fluctuations from one 
year to another. Such fish produce from 50,000 to 
several million eggs per individual, and most of 
them scatter their floating eggs in the water to de- 
velop as best they may. Many of the great fisheries 
are based on species of this reproductive type— 
cod, haddock, mackerel, pilchard (or sardine), 
bluefish, striped bass (or rockfish). These fish 
show the phenomenon of dominant year classes ; 
i.e., the production of so many fish in one year 
that this age group dominates the whole population 
for a series of years. The classic example of a dom- 
inant year class is the Norwegian herring, where 
the young born in 1904 were so numerous that 
they were a major element in the catch from 1907 
to 1921 and virtually supported the fishery for 
fifteen years, It is clear, then, that in fisheries with 
large numbers of eggs the fluctuations in abund- 
ance are likely to be due more to the environment 
than to the size of the adult stock. In short, the 
number of spawners is not as important as the pre- 
cise condition of the water in which the eggs and 
larvae undergo their development. To get good 
survival there apparently has to be an optimal com- 
bination of such factors as temperature, drift, sa- 
linity, and of the nutrients that ultimately are re- 
sponsible for the production of floating or plank- 
tonic organisms, which in turn form the food of 
the newly hatched fish. As an example of the order 
of magnitude of survival, study of the mackerel* 
shows that the mortality in 1932 from the fertilized 
egg to a two-inch stage was 99.9996 percent; i.e., 
the survival was roughly 1-10 fish per million 
newly spawned eggs. Hence, a fluctuation in sur- 
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vival of several ten thousandths of a percent may 
be the difference between average production and 
the production of a dominant or weak year class. 

More adults do not necessarily mean more 
young. Indeed, dominant year classes have a pe- 
culiar predilection for turning up when the adult 
stock is at its lowest level. In the case of many 
commercially important fish there is no conclusive 
evidence that an increase in stock will produce 
more young. We understand so little of the popu- 
lation mechanics of the stocks of fish which pro- 
duce large numbers of eggs that we cannot predict 
with certainty what will happen if the catch is de- 
creased and the number of spawners is increased. 
This is true so long as the stocks remain some- 
where between an extremely high level (where 
competition between individuals results in great 
mortality and perhaps in predation on other de- 
sirable species) and an extremely low level (where 
there are an insufficient number of spawners). The 
size of the stock of most commercially fished spe- 
cies probably lies between these extremes. There 
is, therefore, no guarantee that more adults mean 
more young ; this is so because the environment is 
so important in the development of the eggs. If 
one grants the foregoing reasoning, then one of the 
main jobs confronting the fishery biologist is to 
discover for each species the environmental condi- 
tions that produce good and bad survivals so that 
he is able to make predictions of economic value to 
the fishing industry.®° Here the fullest exchange 
of information between the physical, chemical, and 
biological oceanographer is essential to the solution 
of the problem. As Fleming has pointed out, the 
lack of physical boundaries increases the complex- 
ity of such biological problems of the ocean. 


II 


The two questions that faced marine biologists in 
the early part of this century—causes of fluctua- 
tions and the overfishing problem—are still very 
much in the foreground. Partial answers have been 
given, but progress over nearly fifty years has been 
halting and confined to isolated cases. There is 
still much room for argument and disagreement. 
There are many reasons why this is so: 

1. The fishery biologist is called into the picture 
only when a particular stock gives cause for alarm; 
i.e., when it has reached a low level. Seldom does 
he have the opportunity to study the virgin stock 
and then to measure the effect of man’s interven- 
tion on the population. 

2. Most of the studies have lacked the necessary 
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continuity. Perhaps a biologist is asked to study a 
particular species which is at a low level throug} 
some natural fluctuation; several years later the 
population regains some of its stature, and another 
species gives cause for alarm, so the biologist i: 
taken off the first (just when he’s starting to grasp 
the problem) and moved to the second. Our maz 
power has been used most inefficiently in this 
respect, 


3. There is an acute shortage of trained person. | 


nel. The fact is that we know very little about the 
populations of living forms in the sea. The major 
feature of fisheries work—the fact which should 
above all determine the character of the methods 
and the theory—is that it is a population problem, 
aligned with the work of Lotka, Volterra, Ver- 
hulst, Pearl, Elton, and others on other popula- 
tions.® For a full understanding of these problems, 
broad training through the graduate level is an es- 
sential. Furthermore, the necessity of field observa- 


tion, the drudgery of the collection of the basic raw | 


data, and the disadvantages of long-term studies in 
a time when competition for advancement is strong 


and when there are less arduous fields of research | 
that offer sure and relatively swift publication—| ~ 


all these matters are not calculated to attract young 
men who have invested many years and much 
money in their own education. 


I have devoted considerable space to biological | 
problems of the ocean dealing with the fisheries for | 


two reasons: first, as we have seen, because his- 
torically they deserve prominence; and, second, 
because they are of direct practical importance 
Before turning to biological problems of the ocea1 
which have less obvious practical application, le! 
me mention one more matter dealing with the re- 
sources of the sea. In the last quarter of the nine- 
teenth century the attention of biologists was 


drawn to the deep and open ocean ; then, as we have} 


seen, through the need for study of the coastal 
and bank fisheries, the attention of marine biolo- 
gists became focused on the margins of the oceans. 


It is, in my own opinion, long since time that inten- | 
sive biological study of the high seas by the United | 
States was undertaken. Granted, we are taking | 
steps in the proper direction, but we have a long}_ 
way to go before we catch up with the prewar} 
knowledge and ability of the Japanese in this re-F 
gard.’ Much has been said and written of late about | 
the alarming rate of increase of the human popu- 
lation of the world and the scarcity of food.* Inf 
this connection the newspaper accounts of thep 
AAAS Centennial symposia attributed a Cassan-> 
dra-like quality to the remarks of a number of thef 
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F<cientists gathered for the occasion. It seems inevi- 


table, even taking into full account the possible ad- 


Fyances of science, that the oceans will be called 
Supon to produce more food. Clearly, if there is to 
Sbe any substantial increase, it will have to come 


from the high seas; intensive research will be 


Sneeded to produce it and to enable us to fish the 
available stocks at the optimal level. 


III 


What are other biological problems of the ocean? 


* They are so many that to attempt to pick out more 


than a few main fields of endeavor would be ludi- 
crous. Here let me follow some suggestions that 


® come from discussion among British investigators, 


particularly H. W. Harvey and F. S. Russell of 
the Marine Biological Laboratory at Plymouth.® 

1. Half a century ago and later, much attention 
was given to the description of new species; indi- 


F vidual specimens were described in some detail. 
# More recently, work on land animals has tended 


| ¥toward the study of samples of animals of a single 





See ard 


SORE apace 


oe 


FARE RFE SPAR SES SG 02 RES SE as A a 





species and their variations, with considerable ad- 
vance in our understanding of evolutionary proc- 
esses. It is high time that the study of trends in 


) variation from one area to another was undertaken 


more intensively on marine animals. This involves 
the fields of systematics, genetics, geographical 
distribution, anatomy, etc. And in passing let me 
state that there is still crying need for good taxo- 
nomic work, descriptive anatomy, and embryology, 
to say nothing of the problems that still await the 
experimental embryologist who wishes to work on 
marine animals. 

2. Turning to another branch of biology, the 


7 physiologist has for some decades conducted highly 


profitable researches on shallow-water marine 
forms. But thus far very little has been done on 
oceanic animals ; their respiration, excretion, osmo- 
regulation, coloration, luminescence, digestion, 
respiratory pigments, and a host of other matters 
deserve close scrutiny. The problem of the availa- 
bility of deep-sea forms is by no means insur- 
mountable at such a station as Bermuda. 

3. For anyone interested in the study of be- 
havior, the organisms of the ocean offer tremen- 
dous possibilities. There is still much to be done in 
the analysis of the causes of the vertical migration 
of planktonic animals in deep water; moreover, 
new tools are now available to make such analysis 
open to broader attack. As Russell has pointed out, 


§ we know very little about the swarming of animals 


in deep waters, or about their feeding habits. Some 
of the most fascinating problems are posed by the 
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relationships between two or more species in the 
same community, whether they be planktonic, ben- 
thonic, or nektonic. Similarly, we have barely 
scratched the surface in understanding the inter- 
relationships between the different animals in dif- 
ferent communities. 

4. In the study of the life histories of marine ani- 
mals there is still an incredible amount to be done 
both in the shallow waters and more especially 
with oceanic forms. The life histories of relatively 
few commercial fishes are adequately known, and 
the invertebrate bottom fauna badly needs study. 
Surely it is a scandalous state of affairs that with 
many of the open-sea pelagic game and commercial 
fishes practically no studies have been made on the 
age at sexual maturity—that we are literally unable 
to state at-what age or length these fish first spawn, 
an essential to intelligent thinking on problems of 
rational utilization. 

5. Finally, let me mention briefly some of the 
problems associated with studies of the fertility of 
the ocean. It was stressed in this symposium how 
physical conditions in any area of the sea fluctuate 
from one period to another and over long periods. 
Such changes affect the populations of the sea; 
there are fluctuations in the abundance of different 
species and in the general fertility. Sometimes, 
however, great changes in fertility occur that do 
not appear to coincide directly with any notable 
change in physical characteristics. Work in the 
English Channel over many years has shown close 
positive correlation between the phosphate maxi- 
mum, the plankton population, and the number of 
young fish spawned and surviving during the sum- 
mer; more phosphate or nutrient resulted in 
greater phytoplankton production, which in turn 
apparently supported a greater animal population. 
Harvey believes that there is a reasonable chance 
that water masses may in the future be labeled in 
terms of their potential fertility. But there is a 
long way to go in this direction. When we come to 
assess potential fertility we shall need to know 
much more than we do now about the balance be- 
tween the plants and the grazing animals, and much 
more, too, about all the chemical factors affecting 
plant production. We need the answers to these 
and a host of other questions about the fertility 
of the seas. 

To get some of these answers we shall need the 
closest exchange between workers in all branches 
of oceanography. We shall need to provide oppor- 
tunity for the free and inquiring minds—the best in 
the field—to go where they will. Carefully planned 
research is essential, but I think we should bear in 
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mind that it can be dangerous to plan too much, into the trap of directed and applied research t 
No one can foresee what new discovery will change the extent that our over-all advance toward the 
our outlook, or what practical result will come solution of the biological problems of the ocear 
from investigation in pure science. Let us not fall might suffer. 
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POPULATION AND FOOD SUPPLY: 
THE CURRENT SCARE 


M. K. BENNETT 


An expert in international trade in foodstuffs, prices, production, and standards of 





¥few months earlier Sir John had said, 
}count of the expected increase in world population, 
Fiood production must be increased by 110 percent 
§/more than doubled] in the next 25 years if suf- 
Fficient food is to be provided for all mankind. Only 
cooperative international action can prevent the 
Mdirest calamities.’ 


living, Dr. Bennett (Ph.D., Stanford, 1927), executive director of the Food Research 
Institute at Stanford University since 1942, here sounds a rather different note than the 
one we have lately been hearing from other experts in similar fields. 


HE so-called “race between population and 
food supply” has again come forward as an 
absorbing topic of discussion, in popular and 


Pprofessional circles alike. Discussants mostly pre- 


sent a deeply pessimistic view of the future. At a 
press conference on May 18, 1948, Sir John Boyd 
Orr, retiring director of the Food and Agriculture 


} Organization of the United Nations, is reported to 
Thave “pleaded with the correspondents to help 
awaken the people to the fact that in the race be- 
Ftween population and food, population was win- 


ning —‘and we do not know how to stop it.’ ”’? A 
“Taking ac- 


Reiterating in July 1948 Sir John’s estimate of 


what a tremendous 25-year increase in production 


# would be required to provide the world with “suf- 


ficient food,” and defining sufficiency as a meager 
2,600 calories per person per day (meager for the 


§U. S., that is, but not for Oriental populations), 





President Milton S. Eisenhower, of Kansas State 
College, added, “And I say in all earnestness that 
itis an open question whether food production, for 
all our science, can be increased that much.’ Re- 
ports in September 1948 from the Inter-American 
Conference on Renewable Natural Resources in 
Denver, and from meetings of both the American 
and the British Associations for the Advancement 
of Science were replete with similar pessimism. 
A Canadian publication stated in August, 


it would seem, then, that perhaps never again—unless 


‘Yan unforeseen miracle occurs—will the white people of 


the world be able to enjoy the extremely high level of 


food that was available to them in 1938 and 1939. The 


white races . . . will have to adapt themselves ... to a 
gradual change in their diet, consuming less livestock 
products and more cereals.‘ 


There is also William Vogt’s recent book, Road 
to Survival (New York: Sloane Associates, 1948), 
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described by its publishers as a “revelation of ihe 
fact that the earth, as abused by man, is unable to 
support the human race in terms of its most basic 
need—food.”’ Fairfield Osborn’s book Our Plun- 
dered Planet (Boston: Little, Brown, 1948, 75- 
76) chants much the same lament. 

The problem [he says] is how to conserve the remain- 
ing good natural soils that exist on the earth, together 
with the complementary resources of forests, water 
sources, and the myriads of beneficial forms of animal 
life. There is no other problem. If that is not solved the 
threat to human life will grow in intensity and the pres- 
ent conditions of starvation that are already apparent in 
various parts of the earth will seem as nothing in the 
years that lie ahead. 

Examples need not be multiplied to indicate that 
we are in the midst of a resurgence of widespread 
discussion of the old problem of pressure of popu- 
lation upon the food supply. In the English-speak- 
ing world three waves of such discussion, heavily 
weighted with pessimism, have been recognizable 
since the first one was touched off by Malthus’ 
famous An Essay on the Principle of Population 

, published anonymously in 1798, The second 
wave came in the late 1890s in connection with the 
German controversy about the relative merits of 
agrarian and industrial national economies. Per- 
haps an ephemeral shortage and high price of 
wheat was a contributing factor. It was in 1898 
that Sir William Crookes delivered his famous 
address, “The Wheat Problem,” to the British 
Association for the Advancement of Science ; some 
people took it as a “cosmic scare.”® But again 
interest in the global food-supply problem waned, 
only to be stimulated for the third time, for a few 
years after World War I.. We are now in the 
midst of the fourth wave. 


I 


What are the sources of this resurgence of in- 
terest, and what is new in current discussion ? 

It appears that many have recently become 
aware of an increase in births following the ces- 
sation of hostilities—at least here in the United 
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States, in some countries of Western Europe, and 
in Japan, At the same time it has become clear 
that war casualties—deaths—were in many coun- 
tries not so large as to slow down rates of popula- 
tion growth. Also, there has been in the past few 
years tremendous inventiveness in the field of 
lifesaving techniques, to mention only the use of 
the sulfa drugs, penicillin, Atabrine, and insecti- 
cides of the DDT type—all tending to reduce 
mortality rates and all tending to become cheaper 
and more widely available. Coupling these new 
developments with widening knowledge of the 
facts about world population growth during the 
past half century and more, many come to the 
conclusion that the population outlook for the next 
half century is for growth, very rapid and perhaps 
alarming because the earth’s surface is limited in 
extent. 

Certainly the available evidence on world popu- 
lation growth during the past two centuries is im- 
pressive. There were perhaps about 875 million 
people in the world in 1750. Now, as we near 1950, 
there are perhaps 2,350 million. The words “‘per- 
haps” and “about” are used advisedly, for the 
world’s population has never actually been counted. 
But the estimates, imperfect as they are, seem 
sound enough to warrant the statements that the 
world now contains nearly three people to every 
one person existing two centuries ago, and that the 
increase, at least if one takes it by centuries since 
1650, has been at an accelerating rate in the world 
as a whole though not in each of its parts. 

If we take the present or 1950 world popula- 
tion as about 2,350 million, the probability is that 
the increase in the past 50 years has amounted to 
roughly 750 million people, and this in spite of two 
world wars in the interval. It is an increase of over 
45 percent within the adult memories of a good 
many living men. Much of the world’s population 
growth since 1900 has occurred in areas rather far 
out on the horizon of our vision, such as India, 
Burma, Japan, and the Netherlands Indies. Never- 
theless, our own national population, helped by 
immigration, has approximately doubled since 
1900, and there seems to be no large geographical 
area of the world where population increase has 
not been substantial in the past half century. The 
rates of natural increase, it is true, were lower in 
Western Europe, North America, and Australasia 
than in most other parts of the world. Indeed, not 
more than a decade ago these low rates of natural 
increase gave rise to concern about decline of 
certain national populations in the future. But 
recently that concern has diminished ; the dates of 








THE SCIENTIFIC MONTHLY 





probable maxima of populations have been post- 
poned by the demographers. 

One authoritative projection of population 
growth places the more or less probable world total 
in the year 2000 as about 3,300 million people. 
An increase of some 900 million is implied for the 
half century which we are about to enter—in ab- 
solute numbers, a larger increase than occurred in 
the half century just past. Of course this is not a 
firm prediction, but it represents the type of pro- 
jection in the minds of many who currently discuss 
the problem of population and food supply. They 
regard population trends as rather intractable and 
stubborn; and from all we know this seems a 
proper attitude to assume. Current discussion of 
the question seems generally to take for granted a 
great and perhaps unprecedented increase of world 


population in the next half century, barring only | 


the advent of events highly unpalatable to mankind. 
Birth rates, it is supposed, cannot reasonably be 
expected to fall as rapidly as death rates, which 
are more and more reduced by modern life- 
preserving techniques—unless indeed the death 
rates should be elevated by war, famine, or pesti- 
lence, all of which men of good will seek to avoid. 

Some discussants recognize that rates of natural 
increase vary from nation to nation, and that the 
lower rates, presaging little or no augmentation of 
certain national populations if we neglect immi- 
gration, tend to appear in prosperous or advanced 
countries. Those are countries at once highly 
urbanized, highly industrialized, highly literate, 
highly productive economically. Among them are 


the United States and Canada, Australia and New | © 


Zealand, the United Kingdom, Belgium, the 
Netherlands, Switzerland, the Scandinavian coun- 
tries, France. Germany was of this group before 
the war, but may not in all respects be of it now. 
However, the population of the high-income coun- 
tries of lowest rates of natural increase of popu- 
lation make up much less than half the world’s 
population; so that an expectation of heavy in- 
crease in the world total population, in the absence 
of unwelcome types of checks, seems well justified. 

| The war, as everyone knows, tended in many 
though not all parts of the world to cut down 
agricultural production, and to curtail the interna- 
tional movement of food from surplus to deficit 
areas. Post-hostility shortages of many sorts, cur- 
rency inflations, balance-of-payment difficulties, 
shifts of national boundaries and population groups, 
occupation policies, political revolutions, civil wars, 


and other influences have so far combined to ham- | 


per recovery. Additionally, in the world’s great 
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Food-importing area of Western Europe, the 
Weather was very bad for crops produced in 1945 
‘nd 1947. Only as the harvest of Northern Hem- 
Gsphere crops of 1948 came to an end did the 
AVestern world begin to emerge from a food short- 
Ree of great severity. Here in the United States 
$he shortage touched us in imagination and pocket, 
Fnot in the stomach. But it has certainly struck the 
§magination hard. From all over the world for 


early a decade stories of the most urgent food 
eeds, or of starvation itself, have poured into our 
onsciousness. We have been made aware, to a de- 


tree hitherto unfamiliar, of the generally restricted 
idiets of a billion and a half or more of the world’s 


opulation even in prewar years. And population 
prowth during the past decade of war and incom- 


@plete recovery has tended to accentuate the meager- 


ess of food supplies in all but a few exceptionally 


Wsituated food-exporting nations like our own. No 


vonder, on this count alone, that pessimism rules. 
With growing population coupled with lagging 


Trecovery of food output and distribution, it appears 
Udifficult for the less fortunately situated nations to 
Frecoup the level of food intake prevailing before 
Whe war, in the late 1930s. But, in the minds of 


many, perhaps especially the nutrition-minded, 
such recovery is not enough, not what the world 


}wants or needs. Rather, the desideratum is sub- 


stantial improvement in the per capita food intake 


Hof most nations, perhaps of all—one aspect of 
7 ‘Freedom from Want.” This is an idea for several 
}years strongly espoused by the Food and Agri- 
Fculture Organization of the United Nations. It has 


spent no little time and effort in publicizing the 
facts that even before the war, as measured against 


standards of adequacy set up by the nutrition- 

_ Jists, the average per capita food intake of many 
Pnations, comprising in total far more than half the 
world’s population, was sadly deficient in quality 
Jand not infrequently in quantity ; and that even in 
Wthe best-fed countries at least a modest fraction of 
@the population was either undernourished or mal- 
nourished. Although evidence for these conclusions 
began to appear nearly two decades ago, it has late- 


ly been the FAO more than any other organized 


#sroup that has broadcast information on the quan- 
#tity and composition of national food supplies. And 
@it has espoused as its foremost objective, its major 
}cison d’étre, the improvement of human nutrition 


“Wthroughout the world—not merely the recovery 


| of prewar nutritional status. 


If those who limit their hopes to a fairly prompt 
return of the world to its prewar nutritional status 


_ are nowadays pessimistic in outlook, we need not 
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be surprised that those whose hearts are set on 
general improvement of nutritional status are 
even more so. 

The jeremiads of the nutritional idealists, how- 
ever, are hardly as frightening as those of the con- 
servationists, notably the soil conservationists. 
Extremists of this group seem to take for granted 
the population projections of the demographers 
and the nutritional goals of FAO; and then they 
proceed to uncover, it would seem practically 
everywhere, evidence of permanent soil erosion by 
water and wind, and of depletion of soil fertility. 
Both are ascribed in dominant part to blind pur- 
suit of profits by the farmers and graziers of the 
world, which is alleged to lead to mistreatment of 
the soil. 

There seems to be a degree of historical coin- 
cidence in the rise of the soil-conservation school 
to its present degree of public prominence. Great 
dust storms afflicted our Great Plains in the middle 
1930s. A bit earlier, in 1933, this nation had em- 
barked upon the adventure of curing economic 
depression in part by supporting farm prices and 
incomes, and the method first chosen was to make 
Federal payments directly to farmers in exchange 
for acreage reduction. When the Supreme Court 
in January 1936 put a stop to this “gentle rain of 
checks,”’ as a shrewd observer called it, a lawful 
way to continue became the object of political 
expediency. And so the payments earlier made 
to purchase acreage reduction became “agricul- 
tural conservation payments ;” pol-tics opened the 
door of the public treasury to conservationists ; the 
great droughts carried conviction to the public of 
a crying need for conservation; and increasingly 
since then political leaders, soil conservationists, 
and the public seem to have been at one in viewing 
soil erosion as a dreadful threat domestically. 
As conservationists proliferated, the perception 
of threat to food supply through soil erosion spread 
so as to compass whole continents. The books 
by Vogt and Osborn provide outstanding, perhaps 
extreme, examples of literature originating with 
the ardent-conservation school. That group, of 
course, cries for ‘‘action now,” and for funds as 
well. Allusion is made to civilizations which, it 
is claimed, disappeared because their soil was swept 
away. It is sought to check or control erosion, thus 
saving civilization. | 

The soil-conservation school adds to the old con- 
cept that the food-producing land of the world is 
strictly limited in extent the new concept that the 
land is actually being destroyed, and at a rapid rate. 
The argument is picked up in strange places. An 
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advertisement of a British firm selling agricul- 
tural machinery reads in part: “To avert mass 
starvation and world strife, more food must be 
produced. Man in his ignorance, however, has 
raped vast areas of the good earth. Soil erosion, 
like a cancerous growth, has doomed miles of the 
land to sterility.’” 

The broad and general tenor of current dis- 
cussion is summed up in a sentence ef Sir William 
Crookes’, spoken in 1898: “As mouths multiply, 
food resources dwindle.”* A few points made in 
this fourth wave of pessimism, however, seem 
new. Concern has largely shifted, for example 
from ‘‘bread-eaters” of the Western world to the 
teeming populations of Asiatic countries. Again, 
interest has largely shifted from mere maintenance 
of accustomed diets to the improvement of diets. 
“Improved” diets usually involve enlargement of 
the proportion of calories derived from animal 
products; and this would involve extra drafts 
on productive resources because the animals burn 
up humanly edible grain when they convert it to 
meat, milk, or eggs. Sir John Orr may be thinking 
of such dietary improvement rather than main- 
tenance, or even return to pre-World War II 
status, when he estimates that world food pro- 
duction must be increased by 110 percent in the 
next 25 years if sufficient food is to be provided 
for all mankind. New also in current discussion is 
the heavy emphasis on destruction of soil through 
erosion. And, finally, one sees little in earlier 
discussions the idea, often mentioned now, that 
there would be little purpose in fostering the inter- 
national spread of new lifesaving techniques and 
sanitary measures, because resulting increased 
pressure of population on food supply would 
merely plunge into misery those whose lives were 
saved. The emergence of some of these new notes 
tends to intensify current pessimism. A vicious 
circle as perceived nowdays seems, if not alto- 
gether different from what it seemed before, to 
be more vicious than we used to think. 

The consequences envisaged in current writings 
are various, some perhaps rather vague. Sir John 
Orr speaks of “direst calamities” in the absence 
of concerted international action, but is not specific 
about the nature of those calamities or about the 
international action. Eisenhower speaks of “the 
specter of permanent, world-wide hunger’® as 
now seeming very real. Our British advertiser 
speaks of the necessity of greater food production 
if “mass starvation” and “world strife” are to be 
averted. Vogt, Osborn, and ‘Eisenhower alike 
make much of the disappearance of earlier civiliza- 
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tions, as in Mesopotamia, Syria, Rome, nort! 
western China, and Guatemala, and they sugges 
that modern civilization may be headed in th 
same direction. Deserts are said to be on th 
march, because men disturb and destroy natur, 
vegetation. Less frightening though perhaps sti 
unpalatable is the Searle Grain Company’s opin. 
ion that the people of the world may never agair 





emjoy as good a food supply as existed just befor| 
World War II, and that the white races 
particular may have to cut down on ingestion ¢ 
livestock products and resort more to grain. 


II 


It seems pertinent next to review sketchily what 


has happened to food supplies or intake over the 
world in the past 50 years or so when population 
increased by perhaps 750 million people. The 
recent past has some bearing on what may con- 
ceivably happen in the next 50 years when, the 
demographers suggest, a further increase of some 
900 million may reasonably be expected in the 
absence of intolerable “positive” checks to popula- 
tion growth. 

The question posed with respect to the past 
half century has to be stated with more precision 
Not much is to be learned by asking what ha: 
happened to the average per capita calorie intake 
of the whole world, or what has happened to the 
composition of the diet of the world as a whole. We 
simply do not know, and cannot expect to find 
out. But there is no point in raising such 4 


question. The world is nothing like a unit with| 


reference to food intake,!° any more than it is 
with reference to per capita real income, and 
per capita world average is next door to meaning- 
less. Much more useful to raise are the questions 
Where throughout the world has food intake be- 
come more plentiful and more varied in com- 
position in the past half century? Where less so’ 
Where unchanged? And why? 

Simply because the only available information 
pertains to nations or colonies, the changes must 
be located mainly in terms of national boundaries 
—and even this only approximately because 
national boundaries themselves have changed. 

A degree of precision will be added if we mainly 
consider two aspects of average national dicts: 
(a) the average per capita intake of total food 
calories from whatever crude foodstuff they may 
be derived; and (b) the proportion of national 
food intake derived from the grains and potatoes 


-(anchiding here such items as cassava and taro). 


It may be assumed that a long-persisting decline in 
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he “cereal-potato” fraction of a national diet rep- 
esetits an improvement of diet unless there is 
vidence of accompanying exceptional decline in 
otal calorie intake per capita. For the cereals and 
jotatoes are almost universally the cheapest of all 
oods per thousand calories; and all population 







Beroups except the very wealthy clearly tend to 
Breduce the proportion of total calories derived 
Brom cereals and potatoes whenever they can do 







), expanding variously the proportions of their 


Bood-calorie intake derived from other principal 
Band more expensive groups of foods: namely, 
sugars, vegetable oils, legumes or pulses, low- 
Bcalorie fruits and vegetables, and animal products, 
Bincluding meat, dairy products, eggs and poultry, 
Bish, and their accompanying fats. A decline in the 










proportion of calories derived from cereals and 





@ potatoes in a national diet does not constitute 





altogether conclusive evidence of nutritional 





Fimprovement of diet ; it may not, especially if only 





sugar or vegetable oil replaces the cereals and 
potatoes. But in general a decline of the cereal- 






Hpotato fraction of a diet means increase of palat- 





ability and diversity and represents economic im- 
provement of diet. On all the evidence we have, 
the mass behavior of people is to reduce the cereal- 
potato component of diets when that component 
is high, if they can afford it. Such evidence 
comes forward in all surveys of food consumption 
by differing income groups, in whatever places 
and at whatever dates the surveys are made. But 
the tendency does not run to complete displace- 
ment; perhaps 10-20 percent of cereal-potato 
sioods would be retained by a mass of millionaires. 
At the present time it happens to be impossible 













#to ascertain, systematically, nation by nation for 
#the whole world, exactly what changes have oc- 






curred in per capita calorie intake or in the pro- 
portion of calories derived respectively from 
cereals and potatoes and from other foods. If 
estimates of population growth over the past half 
century are commonly lacking or uncertain, the 
position is far worse with respect to food supply. 
We know most about the nations where the 
record keeping is best ; where domestic crops have 
long been painstakingly estimated, and imports 
and exports systematically recorded. The measure- 
ment of a national food supply is fearfully complex 
to accomplish, not only because there are so many 
components in a food supply, but also because so 
many important foodstuffs are usable and are used 
both for food and for feed. 

More is perhaps known about the United States 
than any other country. Elaborate official statistics 
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and estimates cover, year by year, the period since 
1909. They show, in the 30 years between 1909 
and 1939, a small decline in total calories per 
capita “available . . . at the retail level” from 
about 3,500 to about 3,300. They show also a 
much more striking decline in the proportion of 
total calories derived from grains and potatoes 

from 44 to 29 percent. On the other hand, there 
were measurable increases in the proportions 
derived from sugar (from 12 to 16 percent), from 
fruits and the vegetables other than potatoes (from 
7 to 10 percent), and from meat, fish, poultry, eggs, 
dairy products, and fats and oils (from 37 to 45 
percent). Thus the proportion of national calories 
derived from grains and potatoes fell, and the 
proportion derived from other foodstuffs, more 
expensive per thousand calories as a group and 
with respect to nearly all individual items, re- 
ciprocally rose—at least from 1909 to 1939.1 

If one now seeks to push backward in time 
through the 20 years preceding 1909, the official 
statisticians give less help. But Holbrook Work- 
ing’* was able to establish convincing evidence of 
decline in the per capita consumption of the chief 
grain products, wheat flour and corn meal, and 
also an increase in per capita consumption of 
sugar, during those two decades. Flour and meal 
consumption fell from about 560,000 calories per 
person per year in 1889 to about 450,000 
in 1909, a decline of nearly 20 percent. The 
rise in sugar consumption did not offset this. 
Working’s incomplete findings are consistent with 
the interpretation that general trends known to 
to exist from 1909 to 1939 existed also from 1889 
to 1909—a decline in total food calories per capita, 
a decline in the proportion derived from grains 
and potatoes, and an increase in the proportion 
derived from other foodstuffs than grains and 
potatoes, demonstrably from sugar. 

These, then, were the tendencies in the United 
States for half a century preceding World War II. 
They represented a general sufficiency of total 
calories even with decline; that decline is reason- 
ably attributable mainly to lowered requirement 
due to reduction of physical activity—machines 
increasingly working for men. They also rep- 
resented wider freedom of choice in foods, greater 
variety and palatability—in short, an improvement 
of diet in the economic sense, whether or not in 
the nutritional sense. This could not have hap- 
pened without increase in per capita real income, of 
which there is plenty of evidence that need not be 
brought forward. 

But the United States is only a part of the 
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world. What happened elsewhere? Of this we 
know less. It is a proper subject for prolonged and 
intricate research. Yet a good many pieces of 
evidence can be tied together to indicate that de- 
cline in the cereal-potato fraction of national diets 
was rather widespread in the half century before 
World War II. Quite commonly we perceive in 
statistics declines in per capita human con- 
sumption of what are generally regarded as in- 
ferior cereals—rye, corn, barley, oats, and the mil- 
lets and sorghums. In itself this indicates the ex- 
istence of economic circumstances permitting wider 
choice of more expensive and desirable foodstuffs, 
among which the preferred cereals, wheat and rice, 
commonly appear. Quite commonly we perceive in- 
creases in per capita consumption of sugar. Not 
uncommonly we perceive declines in per capita con- 
sumption of a preferred cereal, wheat ; but this re- 
flects a reciprocal rise in consumption of more ex- 
pensive foods. Trends toward economic improve- 
ment of national diets can be demonstrated satis- 
factorily at least for Canada, Australasia, the 
British Isles, Scandinavia, Germany, the Low 
Countries, Switzerland, France, and Japan—in 
kind resembling the trends in the United States, in 
degree and in details quite likely different. One 
need not much hesitate to add to this list such 
nations as Argentina, Brazil, Mexico, Cuba, the 
former Baltic States, Poland, Czechoslovakia, 
Austria, Hungary, Yugoslavia, Greece, Italy, 
Spain, and Turkey. In each of these, there appears 
to be no suggestion of a long-term trend toward 
insufficiency of total calories per capita, even if 
there was slight decline as in the United States and 
for similar reasons; and there is some evidence of 
increasing diversity of diet. 

Again looking at the half century preceding 
World War II, we see, though most dimly, devel- 
opments which have the appearance of being some- 
what different in several Oriental countries—India, 
Burma,. Korea, Formosa, Java, the Philippines. 
The meager statistics for recent decades—one can- 
not press far back—suggest a gradual small reduc- 
tion of per capita calorie supply, coupled with ten- 
dencies for inferior cereals and for sweet potatoes to 
increase while the favored grain, rice, declines in 
consumption.'* In spite of some small increase of 
wheat consumption, occasionally of sugar, and in 
spite of lessened incidence of local famines, one 
finds little direct statistical evidence of increasing 
per capita consumption of fats, meat, dairy prod- 
ucts, and fish. The dependence on cereal-potato 
foodstuffs remains very high; if it declined, the de- 
cline was small. There is a suggestion here, though 











THE SCIENTIFIC MONTHLYy 


only a suggestion, of general tightening of the foo¢ 
situation—fewer calories where more were neede; 
—rather than enlarged scope to diversify diet. 

The largest population groups not yet mentioned 
are China, the African continent, and the USSR 
On food developments in China and Africa, little 
useful statistical evidence is to be found. Tha 
northern China suffered sporadic localized famine; 
in the course of the half century is certain. Whether 
there was improvement or deterioration gener- 
ally in calorie supply or in composition of the nat- 
ional average diet is unknown. There is perhaps 
evidence of improvement in African food supplies, 
but no conclusions need be drawn here. 

In the USSR, from 1898 to World War I, there 
seems to have been general sufficiency of calories 
aside from local shortages, also a shift from rye to 
wheat, and possibly a degree of increased diversi- 
fication of dietary composition. The first world 
war and the Revolution led to famine in 1921-23 
Subsequent recovery was interrupted by the drive 
for collectivization and ensuing slaughter of live- 
stock, and another famine occurred in 1932-33, 
Again came recovery, but Soviet statistics are not 
such as to tell us truly about calorie supplies and 
composition of diet just before World War II.” 
There is ample reason, however, to believe that 
the rural fraction of the population was then less 
well fed than it had been before World War I; 
and the rural fraction remained, in spite of growing 
industrialization, much the larger fraction of the 
total. Also, the urban population itself seems un- 
likely to have been as well fed before World War 
II as it was before World War I. 

So much for the history of the relationship be- 
tween population and food supply during the hali 
century preceding World War II. The world 
population growth was enormous. But meanwhile 
food intake improved in a good many national 
populations. This, it should be emphasized, is the 
fact so far as concerns the regions about which 
we know most and can have most confidence in 
the statistical evidence. As for the populations 
where deterioration of the food position is sug- 
gested, either the credible direct evidence on food 
supplies is decidedly meager, or we can be fairly 
certain that the deterioration sprang in large part 


from governmental interventions, as in Korea, 


Formosa, and the USSR. 

Even with respect to India, one cannot feel 
confident that the food position really deteriorated 
progressively, although the statistics—such as they 
are—point in this direction. For we know that 


at the same time India unquestionably became | 
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- 1000 “creasingly urbanized and industrialized. Except 
ceded. this comes about through a socialized control— 
Re. nvestment squeezed from consumption—such as 

























lone, “Brevailed after 1917 in the USSR but never in 
SSR ndia, urbanization and industrialization spell 
littl pniargement of national real income per capita; 
That Band that tends strongly to carry with it improve- 
nines “Bnent of diet in the economic sense. It is difficult 
ether Bo believe, of India or any other nonsocialized 
ener- “@ountry, that city populations grew as they did 
Nat- “Gn relation to rural populations for any other 
‘haps “Bmportant reason than that the farm people saw 
plies, chance to improve their income status in the 
ities, and that the process of industrialization 
there pened avenues for them. The people who mi- 
Ores @orated from farm to city were not jumping from 
ye to “@rying pan to fire. On this line of reasoning, one 
scsi annot feel fully confident that India, and perhaps, 
vorld hough less probably, even China, were not enjoy- 
23 ng a somewhat more diversified average national 
lrive Wdiet, albeit a poor one by our standards, in 1939 
live- @than 50 years before. The facts are not clear, 
~33. Gvhereas the facts are clear concerning the great 
i iajority of nations belonging to the commercial 
me Vestern world. 
. The half century preceding World War II may 
la 


hen reasonably be regarded as one more ac- 


less urately characterized as giving evidence of im- 
rT; provement in per capita food supplies than the 
villfWopposite. Widespread indeed were demonstrable 
the Hmprovements, whereas positive deterioration 
~ Wsuggested in some places is subject to doubts not 
Nar readily dispelled, or can be explained in terms of 
Ppolitical interference with economic development. 
be- # That this is the picture that emerges is the more 
hali remarkable because a destructive world war oc- 
orld urred in the interval, to say nothing of minor yet 
hile “@devastating localized wars; and because a rather 
nal @general economic paralysis beset the world toward 
the “@the end of the 50-year period. The forces that make 
ich “for higher levels of living, with accompanying die- 
Wary improvement, must have been tremendously 
ons “@powerful. 
ug- III 
od J 
” It would be possible to review in a general way 
se what happened in the 50 years preceding 1939 to 
ea, | Mprove national food situations in so many parts 
| gof the world. One would mention, as did Joseph 
ee! I S. Davis in his explanation of history’s answer 
ted | gt Sir William Crookes,® not only expansion of 
rey | gecteage but increase of yield per acre, through 
se | improved breeds and varieties, better rotations, 
4 @he spread and cheapening of transportation, the 


lf avention of laborsaving machinery, and so on. 
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It may be added as factual material that between 
1888 and 1938, even in long-settied areas of the 
world excluding China and Russia, it proved pos- 
sible for the yield per acre of wheat to increase 
fully 25 percent while acreage increased some 
10 percent; and in the new areas of the world, 
although expansion of acreage supposedly to 
poorer and drier land was no less than sixfold— 
more than 100 million acres—the yield per acre 
nevertheless did not decline if one makes allowance 
for the unusual character of the droughts of the 
middle 1930s in the Great Plains.’® 

But this approach is perhaps no more illumi- 
nating than to ask the question, What is it that 
was impeding before 1939, is now impeding, and 
may well continue to impede the growth of eco- 
nomic productivity in general and of agricultural 
production specifically ? What, in particular, tends 
to prevent more food and more varied food from 
being produced and put into the hands of the 
multitudes who need or desire it? 

Those impediments are overwhelmingly numer- 
ous if looked at one by one. Economists long since 
invented, however, a set of rubrics convenient for 
the discussion but including only four terms. They 
would say that agricultural productivity, with 
reference to an unchanging supply of land, must 
depend upon the application of the three other 
factors of production—labor, capital, and manage- 
ment. The rubrics—land, labor, capital, and 
management—are convenient, if only because 
bearing them all in mind precludes our focusing 
attention upon only one or the other of them, as 
I suspect some soil conservationists do. 

About any acre of agricultural land now in use 
in the world, theory and history tell us (1) that 
it has a maximum theoretical (economic) pro- 
ductivity, given the state of technology of the 
moment; (2) that its maximum theoretical pro- 
ductivity may or may not actually be achieved 
at the moment, depending upon whether the 
optimum combination of labor, capital, and man- 
agement is being applied; and (3) that in all 
probability, as judged by history, the point of 
maximum productivity will be shifted upward as 
time passes because technological advances will 
be made, even if we cannot predict either the 
degree or the pace of advance. But nothing in 
history or theory tells us what the output may be, 
in volume or value, at the point of maximum 
productivity. 

The most impressive probability about the 
acres of the world now devoted to agricultural 
use is that a truly enormous gap exists between 
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actual productivity and maximum productivity 
under optimum application of labor, capital, and 
management.'’ This refers to maximum economic 
productivity, not maximum physical productivity, 
which no doubt is the greater. In all probability 
a very large fraction of the managers of the world’s 
agricultural land are inhibited from applying 
optimum doses of labor, capital, and management. 
Either they are not aware of the best in current 
technology, or they are helpless to make use of it, 
or they are unwilling even if able. The mere ex- 
istence of cover crops and green manures, com- 
mercial fertilizers, effective sprays against weeds 
whether new or old, hybrid corn, rust-resistant 
wheats, inoculation against hog cholera, tests for 
animal tuberculosis, is literally unknown to thou- 
sands of land managers in the very areas of the 
world where population is alleged to be most 
obviously outrunning food supply. In those same 
areas and others are land managers who know 
of an improvement, but have no incentive to put 
it to use. Somewhere a large landholder, wealthy 
enough and socially important enough to satisfy 
all his ambitions, may remain content with farming 
methods reminiscent of the Middle Ages. Perhaps 
one could find instances in Spain or Chile. Else- 
where a lack of security of life and property— 
in essence, a lack of orderly government—may 
inhibit the application of improvements widely 
known. Bad though orderly government, exercis- 
ing unwisely its power of taxation, may inhibit 
improvements in farming, simply because the fruit 
of effort is not permitted to accrue to the men 
who make it. The Soviet Union is a case in point. 
Above all, perhaps, a great many land managers of 
the world cannot apply what they both know and 
are willing to try for the reason that they lack 
capital to cover the initial cost. The purchase of a 
pound of improved seed, to say nothing of a good 
spade or plow, may unfortunately be quite beyond 
the capacity of a great many who cultivate the 
world’s soil. 

For these and other reasons, the gap between 
agricultural potential and agricultural practice is 
unquestionably very wide, and has been very 
wide at any given point of time for far more than 
half a century. One of the other reasons, a most 
compelling one, is lack of demand or of the de- 
velopment of demand. There has to be an ex- 
change of products between those who manage 
the land and those with whom they exchange 
produce; and the last must have something to 
exchange. Agricultural productivity not only 
responds to advances in economic productivity on 
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other fronts, but stimulates it as well. The proces; 
is complex in the extreme, involving of necessity 
appropriate fluctuations in the relative prices 0; 
the factors of production; but its existence ough; 
not to be overlooked merely because it is difficul 
to describe and trace. The invention and use of « 
pound of higher-yielding seed, of a longer-lived 
and sharper hoe, or of a way to twist rope at 
lesser cost, work reciprocally to enhance both 
agricultural and industrial productivity. Multi- 
plied in thousands of instances, such innovations 
exemplify economic development. More elaborate 
division of labor, a most excellent way of increas- 
ing economic productivity, is an accompanying 
phenomenon. The race is less accurately betwee: 
population and food supply, than between popula- 
tion and economic development in every sphere. 
And even here the analogy is imperfect, for the 
racers are hobbled together : economic development 
at some stage becomes associated with a slowing 
down of the rate of population growth. 

Much that can be said about the gap between 
agricultural practice and agricultural potential may 
equally be said about a gap between food harvested 
and food eaten. Losses in storage and transporta- 
tion are truly impressive, and are unquestionably 
subject to reduction as the effectiveness of inhibit- 
ing influences is removed or lessened. 

So far the emphasis has been given to factor: 
that impede the increase of food yield per acre 
on land under cultivation now. It remains briefl 
to speak about land itself, the lack and the de- 
struction of which are currently so heavily em- 
phasized as impediments to improvement of per 
capita food supplies. Almost axiomatic is the fact 
that there is now less naturally good land for men 
to bring into use than ever there was before in 
historical time. Far from true would be a statement 
that there remains no unused land whatever 
subject to development for food crops. There are 
still areas of the world where lack of transportation 
hampers settlement, and where the presence 
of the tsetse fly or the malarial mosquito acts 
similarly. No one could reasonably suppose that 
the tropics are now fully developed, with reference 
especially to oil-bearing palms. Also the limit o! 
land cultivation—at best a vague concept—is 
elastic, not fixed. It changes, for example, when- 
ever a shorter-maturing variety of grain is in- 
vented, moving the limit both in latitude and in 
altitude—and even, perhaps, permitting double 
cropping of land once single-cropped. If the be- 
havior of demand.is such as to call all these re- 
servoirs of food production into activity, their 
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rOcess duct will be huge indeed. Economic planners in 
essity Brazil estimate that Brazil has 150 million acres 
es Oj : for growing wheat. Those acres may never or 
ought @may not soon be settled, but the estimate itself is 
fficut ‘Bndicative of ideas held by some people that by 
> Of a o means all the productive land of the world is 
-livei) js yet under the plow. And land is not all. One 
pe at jpannot dismiss as inconceivable the profitable use 


both Jf the plankton of the oceans as food or feed; 











{ulti nd ways and means of utilizing solar radiation to 
tions \provide the energy for artificial synthesis of the 
Orate food elements remain to be speculated about.** 
Teas- Some writers, such as Osborn and Vogt, who 
Lying ave espoused the cause of soil conservation, 
ween /™paint a picture of rapid contemporary destruction 
pula- /@pf soil resources through erosion by water and 
here. rind. The question here is not whether there is 
r the ‘pny erosion at all, for there is, but how important 
ment jt may be; and this is a difficult question. If a man 
wing @plleges, as Vogt does, that in this country we have 
ost a third of our topsoil in 150 years and that 
ween he future of our country is still within our control 
may put will not be after only a few more decades 
ested @of such abuse as we have subjected it to, no easy 
orta- ‘ounterassertion comes to mind. It is comforting 
ably @then to read the words of an experienced soil 
ibit- @cientist, Charles E. Kellogg, chief of the Division 
i Soil survey in this country (Sci. Mon., 1948, 66, 
tors 9478, 479): “. . . a large part of the arable soils of 
acre the world are made better by good farming than 
iefly they were naturally.” And to have him say, “For 
de- @ time, it almost seemed that each popular writer 
em- ‘as trying to outdo the others in dramatic state- 
per ent. Some even went so far as to assert that ero- 
fact’ @ion had swallowed whole civilizations. . . . It is 
men | @incerely to be hoped that the period of extreme 
e il Statement on soil erosion is nearly over. 
nent One can hardly fail to be impressed not only by 
ever the tendency of the extremists to engage in what 
are @may be called spurious quantitative thinking, but 
tion @also by their failure to make clear precisely where 
ence @all the damage they see has been done, or to differ- 
acts @entiate between geological and man-made erosion, 
that @or to stress what has happened on the great agricul- 
nce “Mural flatlands of the earth equally with what they 
it o: “May has occurred on the much less important sloping 
—Is plands, which are singled out as manifesting 
1en- “@the soil-destroying evils of so-called ‘‘fire farming” 
in-| @or “shifting cultivation.” On reading the extrem- 
| in| sts, one would never guess that the Missouri 


ible} @River was carrying® silt—was called the “Big 
be- | @Muddy”—when men who knew the plow or 
re-| @herded domestic animals first saw it; or that 
heir} @beavers had ever made dams which silted up 


in 
uw 


and formed mountain meadows long before the 
mountains above that dust 
storms had occurred in the Great Plains in the 
1890s, before they felt the plow. 

One who has no claim to expertness in this 
field may neverthless find it impossible either to 
deny the existence of man-made soil erosion and 
the desirability of a degree of social action against 
it, or to become greatly exercised about it when 
he thinks of the impressive array of quite different 
factors which inhibit agricultural productivity. 


were grazed; or 


IV 

What need be said in conclusion? Certainly it 
seems futile to engage in unqualified prediction in 
so inexact a field of inquiry, and it would be tire- 
some to state all the qualifications necessary in 
prediction. We must concede, perhaps, that the 
“direst calamities” lie in the realm of possibilities, 
though in appraising even possibilities it would be 
helpful to know more precisely what those calami- 
ties are thought to be. If one of the “direst calami- 
ties’’ is eventual reduction of the per capita inges- 
tion of animal products among the white races, we 
must concede its possibility; and so with “mass 
starvation” if by that is meant what has long 
occurred locally and among relatively few people 
at any point in time. To concede possibility in 
these matters, however, is not to argue probability. 

We need not concede the possibility within the 
foreseeable future of the emergence of “permanent 
world-wide hunger,” if that phrase means every- 
body hungry at once. That cannot happen unless 
a world society develops and finds a way to achieve 
absolute equality of personal income, a possibility 
surely so remote as hardly to be called a pessibility 
at all. In such a society the tremendous contents 
of the feedbin of the world could be utilized to 
assuage human hunger ; humanly edible grain now 
lost to man in the conversion processes of animals 
could then be captured for human consumption. 

We need not concede that possible localized 
national deterioration of diets of historical type 
leads at all certainly to world strife. Hungry 
nations are commonly economically weak and weak 
in military potential as nowadays measured in 
other terms than clubs or knives, and hence may 
be chary of assuming the risk of aggression ; and in 
any event wars have other causes than scarcity 
of food. 

We might not be wise to concede, on the other 
hand, the possibility of an increase of 110 percent 
in world food supplies within 25 years. That is a 
decidedly short time for so tremendous an increase. 
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And, yet, at tlie same time that we concede 
the possibilities both of deterioration of food supply 
and of the unlikelihood of hoped-for extreme im- 
provement, we need not exclude the possibility 
of a geographically spreading gradual improve- 
ment of national diets, doubtless unequal in pace 
among the several nations, resulting in generally 
firmer assurance of food supplies increasingly 
consistent with human aspirations. It is well to 
remember that the recent years of food shortage 
may, if a long stretch of peace lies before us, seem 
in retrospect merely transitory. 

Pessimism about maintenance or improvement 
of per capita food supply, even where population is 
densest, is not intellectually necessary, not com- 
pelled on the basis of historical fact or logic. We 
know approximately what the trends have been. 
More important, enough is understood about the 
powerful forces lying behind economic productivity 
and dietary improvement to warrant the statement 
that the ultimate productivity of the earth’s surface 
had best be regarded as incommensurable and 
elastic, not fixed. It can be measured, and thereafter 
set in relation to a future growth of population itself 
not firmly predictable, only in terms of surface— 
square miles or square feet. The customary but 


spurious quantitative exercise—only 4. billion 
cultivable acres now, less than 2 acres per person, 
with 2.5 acres estimated to be required per person 
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to provide a minimum adequate diet, and wit 
population growing while soil is washed away~ 
ought not to mislead. The possible product oi th; 
earth defies measurement even on the assumptic: 
of stagnant technology, and the assumption itse 
gains no support from history. 

Time may prove today’s pessimists to have bee; 
right in their attitude; the actual outcome remain; 
to be seen. But if they prove right, the historic; 
reasons are quite unlikely to be limited to an over. 
rapid increase of population set against an over. 
rapid destruction of soil resources. The futur 
historian will need to inquire whether some othe: 
contributory causes were important—+-whether mer 
and governments acted wisely in such directions a; 
engaging in wars, keeping civil order, spending 
appropriately on education and research, taxing 
with propriety, intervening intelligently in eco. 
nomic life, nursing economic isolation, or freeing 
the channels of trade. !To follow the wrong paths i 
to hamper invention, stifle capital accumulatior 
hinder investment domestically and internationall 
and hence to retard the general economic develop. 
ment, one aspect of which is improvement 
national diets. If the right paths are followed ir 
these directions, and not only in human reproduc. 
tion and in land use, time may prove today’s pes 
simists to have been wrong, as with the pessimist: 
of yesterday. 
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SOME ADVANCES IN CHEMOTHERAPY 


MONROE D. EATON 
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HE dramatic advances in the treatment of 
bacterial infections with the sulfa drugs, 
penicillin, and streptomycin do not, unfor- 
unately, extend to the filtrable viruses. The 
iruses causing diseases such as the common cold, 
nfluenza, poliomyelitis, encephalitis, and yellow 
ever are not affected by any of the new drugs or 


Bantibiotics. There are, however, certain minute 
Gntracellular parasites that resemble both bacteria 
@and filtrable viruses, and infections caused by them 
Bre accessible to chemotherapy. In order to de- 


ne the problem more clearly let us first briefly 


@ummarize our present knowledge of the nature of 


iruses. 

The filtrable viruses differ from bacteria in 
several properties. The size of the smallest bac- 
eria is in the range 125-250 millimicrons. The 


@argest viruses and the related rickettsiae are 


about the same size or slightly larger than the 


smallest bacteria and, like them, can be seen under 


he ordinary microscope. Other viruses range in 


®particle diameter from 150 to 10 millimicrons, or 
mown to the size of the largest protein molecules. 


From our present knowledge of filtrable viruses, 
t is apparent that this group may contain infec- 
ious'agents of very diverse nature. In fact, the 


@aifferences among the various filtrable viruses are 
@probably of much greater magnitude than the dif- 
Micrences among species of bacteria. Some of the 


largest viruses are coccoid, or spherical, in shape, 


| and the rickettsiae are rod-shaped ; these infectious 
@agents resemble bacteria both in their morphology 


and staining characteristics, Certain other viruses 
as photographed under the electron microscope 
ave quite a different morphology from bacteria. 
The viruses of smallpox and cowpox are also 
among the largest, but they have less resemblance 


@to bacteria, being cuboid, with several internal 
round dense areas. Some of the bacteriophages 


(viruses which infect bacteria) are ovoid in shape, 
with a flagellum, or tail. 

Crystallization of two of the plant viruses, to- 
bacco mosaic and bushy stunt of tomatoes, and 
their characterization as nucleoproteins have led 
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to interesting hypotheses about the nature of these 
agents as nonliving, self-propagating substances. 
It is not within the scope of this article to discuss 
these studies with plant viruses except to relate 
their implications to similar studies on animal 
viruses. The virus of tobacco mosaic separated 
from crude infective sap by ultracentrifugation 
and chemical procedures is obtained in the form 
of long fibers pointed at each end. These are now 
generally spoken of as paracrystals. The virus par- 
ticle itself is rod-shaped, with a diameter given as 
15-20 millimicrons and a variable length of 37- 
1,400 millimicrons, depending upon the state of 
aggregation. The virus of bushy stunt of tomatoes 
has been obtained as true cuboid crystals; the 
particle of this virus appears to be spherical, with 
a diameter given as 30-40 millimicrons. Both these 
plant viruses have been prepared in a state of 
purity such that no protein constituents derived 
from the plant tissues can be detected by delicate 
immunological methods. Chemical analyses re- 
veal no component in these viruses other than pro- 
tein and nucleic acid. These and other properties 
of the plant viruses seem to set them apart from 
animal viruses and bacteria. 

The animal viruses have not been obtained in a 
comparable state of purity. Several have been puri- 
fied to the extent that they may be identified as 
characteristic forms under the electron microscope, 
give single boundaries by ultracentrifugation and 
electrophoresis, and show a fair degree of uni- 
formity in chemical composition, Estimates of the 
amount of impurities derived from the host tissues 
vary from 20 percent to several hundred percent 
of the content of virus particles. Chemical analyses 
must therefore be considered less significant than 
in the case of the plant viruses, but major quan- 
titative differences in constitution between the 
virus and infected tissue have been found. The 
larger viruses such as influenza and vaccinia (cow- 
pox) contain nucleoproteins, lipids, cholesterol, 
neutral fat, and carbohydrates, and their chemical 
constitution appears to be not very much different 
from that of bacteria. Bacteriophages thus far 
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studied appear to contain much larger amounts of 
nucleic acids than other viruses or bacteria. Cop- 
per, biotin (a vitamin of the B group), and a co- 
enzyme (flavine-adenine nucleotide) have been 
demonstrated in vaccinia virus. Purified viruses, 
unlike bacteria, exhibit no enzyme activity or 
metabolism, yet it seems likely that at least some 
of these agents are metabolically active while grow- 
ing inside the host cell. 

At the borderline between virus and bacterium 
are the rickettsiae, which cause typhus, spotted 
fever, and other diseases in man, and a group of 
coccoid agents, the so-called psittacosis-lympho- 
granuloma group (Chlamydozoaceae), which 
cause pneumonia, venereal disease, and eye disease 
in man and also produce infections in birds and 
animals, These agents are apparently obligate in- 
tracellular parasites like other filtrable viruses and 
are therefore not as accessible as bacteria to serum 
antibodies and chemical inhibitors. In other re- 
spects they resemble bacteria. In sections of in- 
fected tissue fixed and stained by appropriate 
methods, rickettsiae are found, in masses resem- 
bling colonies, in the cytoplasm or nucleus of cells. 
Similar microcolonies of the elementary bodies 
of the chlamydozoaceae may be found in the cyto- 
plasm, and recent evidence indicates a life cycle 
for these viruslike agents. The colonies apparently 
develop from a minute initial body by repeated 
fission until the infected cell dies and bursts. The 
liberated elementary bodies then enter adjacent 
cells, form new initial bodies, and the process is 
repeated. Certain bacteria, such as the bacillus 
causing tularemia, will, under some conditions, 
multiply in the cytoplasm of cells; there are other 
relatively large infectious organisms, such as the 
leprosy bacillus and the plasmodia of malaria, that 
are, like the rickettsiae and viruses, obligate in- 
tracellular parasites. Most bacteria by contrast 
multiply in the intercellular fluids of an infected 
animal and are seldom if ever seen in the cyto- 
plasm of cells, except when taken up by phago- 
cytes. With few exceptions, bacteria can be culti- 
vated in lifeless media of varying degrees of chemi- 
cal complexity. 


Some of the rickettsiae and the chlamydozoaceae 
are susceptible to the action of the same chemo- 
therapeutic agents that have been found effective 
for the treatment of bacterial infections. Soon after 
their discovery sulfonamides were used with mod- 
erate success in the treatment of lymphogranuloma 
venereum and trachoma, diseases caused by mem- 
bers of the chlamydozoaceae. This observation 
emphasized the close relation of these larger vi- 
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ruses to bacteria. Further investigation revealed 
that certain members of this group were alnogs 
as easily inhibited as bacteria by sulfonamices 
The rickettsiae are not affected by the sulfona- 
mides, but a related substance, sulfonamidobenza. 
midine, has been reported to be active against ex- 
perimental typhus infections in mice. 

Penicillin is inhibitory in varying degree t 
most of the chlamydozoaceae and to some of th 
rickettsiae in experimental infections of mice and 
chick embryos. This antibiotic has been used with 
apparent benefit in the treatment of virus pnev- 
monia caused by psittacosis and related agents, 
but the required dose is much larger than for 
bacterial infections. Although rickettsial infections 
in chick embryos are retarded by either penicillin 
or streptomycin, these antibiotics have not found 
successful application in the treatment of rickett- 
sial diseases in man, Streptomycin is apparently 
inactive against the chlamydozoaceae. In general, 
therefore, the sulfonamides and antibiotics have 
been found more limited in effectiveness against 
these borderline agents than against bacteria. A 
recently discovered antibiotic, chloromycetin, 
shows marked chemotherapeutic activity against 
rickettsiae, and field studies on human disease are 
at present being done by members of the research 
staff of the Army Medical School. Another anti- 
biotic, aureomycin, discovered within the last few 
months, is reported in preliminary experiment! 
studies to be effective both against the rickettsiae 
and the chlamydozoaceae. 

In addition to the antibiotics and sulfonamides, 
other compounds that inhibit the rickettsiae and 
the chlamydozoaceae have been found. Several oi 
these substances are more active against exper'- 
mental infections with these intermediate agents 
than against bacterial infections. It has recently 
been shown that certain of the acridines, a class of 
substances used for some time in protozoal diseases 
such as malaria and trypanosomiasis, are moder- 
ately effective against experimental infections with 
the rickettsiae and the chlamydozoaceae. The ac- 
tivity of various acridines against these agents 
apparently does not correspond to their activity 
against malaria parasites. Atabrine, an effective 
antimalarial, has no significant activity against the 
rickettsiae and chlamydozoaceae, whereas a drug 
called nitroacridine 3582 inhibits these agents but 
is relatively ineffective against experimental ma- 
laria. Another class of substances which has been 
found to possess therapeutic activity in experi- 
mental infections with the rickettsiae, but is inac- 
tive against the chlamydozoaceae, is the thionine 
dyes, methylene blue, toluidine blue, and certain 
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related compounds. In their chemical structure 

Mithese dyes resemble the acridines, and also in a 

Miveneral way the B vitamin riboflavin. 
Para-aminobenzoic acid prevents the bactericidal 

Seffect of sulfanilamide and related compounds, and 
is a component of the vitamin folic acid. Presum- 
ipbly, sulfanilamide inhibits the growth of bacteria 
maby interfering with their metabolism of p-amino- 
Mhenzoic acid, as will be discussed in more detail. 
Min the rickettsial diseases p-aminobenzoic acid is 
an active chemotherapeutic agent, but sulfanila- 
mide is without effect. Para-aminobenzoic acid has 
been used clinically with some benefit in the treat- 
ment of typhus fever and scrub typhus. The thera- 
peutic effect in man, however, is not as striking 
as in experimental animals. 

Certain hypotheses about the mode of action 
of some of the rickettsiostatic drugs merit dis- 
‘cussion because they introduce a new concept ap- 
M plicable only to obligate intracellular parasites: 
namely, that substances like p-aminobenzoic acid 
Hand toluidine blue modify the metabolic processes 


PAGS kN E ING Nig RM RS Bite I 


of the infected cell rather than act directly on the 
infectious agent. Recent observations have shown 


‘that p-aminobenzoic acid stimulates oxygen con- 
}sumption by embryonated eggs, whereas rickettsial 
Finfection depresses the consumption of oxygen. 
| Toluidine blue is also known to serve as a readily 


» reversible carrier of hydrogen in oxidation-reduc- 


}tion systems. It is possible, therefore, that these 


substances, by increasing oxidation processes of 
infected cells, produce unfavorable conditions for 


ithe growth of rickettsiae, or furnish the infected 
jcells a metabolic pathway alternative to those 
} enzyme systems destroyed or impaired by the in- 


) fection. Increase in temperature or supply of oxy- 


gen also tends to raise the metabolic rate and in- 
crease the survival rate of chick embryos and mice 
infected with rickettsiae. Substances such as potas- 
sium cyanide, which in sublethal amounts depress 
the oxygen consumption of embryonated eggs, 
seem to favor the growth of the rickettsiae, It is 
conceivable that chemotherapeutic agents could 


"also beneficially modify or supplement various 
» cellular enzymatic processes other than those con- 


cerned with oxidation. 
Most of the substances mentioned, and many 
others, have been tried in experimental infections 


) caused by the smaller viruses, but the results have 


been negative or inconclusive. They are also inef- 
fective against the virus of vaccinia and related 
agents, which are apparently as large and as com- 
plex as the chlamydozoaceae. Possible exceptions 
are certain of the acridines and a drug named 
hexamidine. The latter substance and the previ- 
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ously mentioned nitroacridine 3582 are reported to 
have some inhibitory effect on the virus of in- 
fluenza in embryonated but these observa- 
tions lack confirmation. Other acridines inhibit the 
growth of bacteriophage without corresponding 
diminution of growth of the bacterial host cell. 
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Some success has been attained by following a 
concept involving a somewhat different approach 
to the problem, namely, attempts to block the at- 
tachment of the virus to the host cell. The viruses 
of influenza and mumps are adsorbed on the red 
blood corpuscles of certain species and agglutinate 
these red cells. It has been found that the attach- 
ment of these viruses to red cells is prevented by 
certain polysaccharides, or complex sugars, and by 
extracts of red blood cells and bacteria. Some of 
these substances inhibit the multiplication of the 
viruses of influenza and mumps in embryonated 
eggs. 

Since the igfluenza virus is considerably smaller 
than the intermediate agents discussed above (al- 
though it superficially resembles a minute bac- 
terium in morphology and chemical composition), 
successful inhibition of this virus would represent 
a step beyond the borderline. Scientists at the 
Rockefeller Institute for Medical Research have 
found that pectin, a complex carbohydrate from 
fruits, and related substances prevent infection of 
influenza virus in embryonated eggs when given 
in large doses half an hour before, or up to two 
hours after, the virus. Workers in Australia have 
obtained similar results with what appears to be an 
unrelated agent. Extracts of cholera vibrios and 
certain other bacteria were found to contain an 
“enzyme” that destroyed the receptors by which 
the virus became attached to red corpuscles. This 
enzyme also destroyed the virus receptors in the 
extraembryonic cavities of chick embryos and pre- 
vented infection with influenza or mumps viruses. 
When the receptor-destroying substance was re- 
moved, the embryonic tissue recovered susceptibil- 
ity, apparently because of regeneration of recep- 
tors, within twenty-four to forty-eight hours. 

Of apparently somewhat different mechanism is 
the action of certain polysaccharides derived from 
bacteria on the mumps virus and the pneumonia 
virus of mice as studied by another group of 
workers at the Rockefeller Institute. These poly- 
saccharides prevented agglutination of red blood 
corpuscles by influenza virus or mumps virus. 
They did not, however, prevent the adsorption of 
influenza virus to red blood corpuscles or inhibit 
the multiplication of this virus in chick embryos; 
they did prevent adsorption and multiplication of 
mumps virus under comparable conditions. In- 
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hibition of multiplication of the mumps virus in the 
allantoic cavity of chick embryos was obtained 
even when the polysaccharide was given as long 
as four days after the virus. Conversely, with the 
pneumonia virus of mice, several polysaccharides 
prevented multiplication in the lungs of mice but 
had no effect on the agglutination of red corpuscles 
by this virus. In these studies there was no evi- 
dence that the polysaccharides prevented attach- 
ment of the virus to the host cell or worked 
directly on the virus itself. Thus a series of ob- 
servations based on the concept of blocking the 
attachment of virus to cells has led to the dis- 
covery of active inhibitory substances, but the 
mechanism of action of at least some of these ap- 
pears to be different from that which was originally 
postulated. 

The antibacterial action of certain chemothera- 
peutic agents is attributed to specific interference 
with an enzyme system or metabolic process of 
the bacterial cell. Success in the treatment of dis- 
ease with such drugs depends on the lack of a 
correspondingly poisonous effect on the tissues of 
the infected animal. It is possible that the same 
process can occur regardless of whether the in- 
fecting agent multiplies (like bacteria) outside or 
(like viruses) inside cells, provided, in the case 
of viruses, that the chemotherapeutic agent can 
penetrate the cell membrane and that it is not 
destroyed inside the cell. 

It is likely that the sulfonamides, acridines, and 
various antibiotics affect the same enzyme systems 
in the rickettsiae and chlamydozoaceae as they do 
in the bacteria. The infectious-agents intermediate 
between viruses and bacteria may have lost many 
of the abilities for synthesis of their own essential 
nutrients and have thus become dependent for 
these on the host cell, but they probably have re- 
tained some of the bacterial enzymes inhibitable 
by chemotherapeutic agents. In the chlamydozo- 
aceae, the mechanism of action of the sulfonamides 
and their reversal by the chemically related sub- 
stance, p-aminobenzoic acid and its derivatives, 
seems to be identical with that found in bacteria. 
Other members of this same group of organisms 
are highly resistant to the action of sulfonamides 
in a way analogous to resistant bacteria. 

In some of these intermediate infectious agents 
the enzyme systems may have undergone varia- 
tion or mutation so that there have been evolved 
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new systems which are related to, but not identical 
with, those found in bacteria. Since rickettsiae are 
not inhibited by sulfonamides but are inhibited by 
the closely related substance, sulfonamidobenza- 


midine, we may have here an example of suchf 


enzynie modification with a corresponding change 
in the structure of the substance required for in. 
hibition. Other examples may be found in the 
acridine derivatives where modification in chemical 
structure influences the relative activities for pro- 
tozoa bacteria, rickettsiae, and viruses. 

The smaller viruses mav be sesistant to the 
antibacterial drugs, not so much as a result of their 
intracellular site of multiplication, but because thie) 
lack the vulnerable enzyme systems attacked by 
these substances and are dependent on other sys- 
tems intimately associated with the synthetic and 
metabolic activities of the host cell. In viruses such 
as those of influenza, mumps, and rabies, whic! 
are one half to one third the size of the chlamy- 
dozoaceae, there may be still other enzyme sys- 
tems which can be specifically inhibited by as yet 
undiscovered substances; or it is possible that 
other more active derivatives of acridine or hexa- 
midine may be found. The smallest viruses maj 
have been reduced by a retrograde evolutionary 
process to such a condition of metabolic depend- 
ence on the host cell that they have no enzymes 
and are little more than carriers of a hereditary 
pattern reproduced by some mysterious process in 
the cell. Is it possible to modify these enzymatic 
processes of the cell so as to present an unfavor- 
able medium for the entrance and multiplication 
of the virus? Such a mechanism may be involved 
in the action of p-aminobenzoic acid on rickettsial 
infections, and in the action of polysaccharides on 
the pneumona virus of mice. It has also been found 
that deficiencies in certain vitamins seem to slow 
down the progress of infections with viruses like 
poliomyelitis in experimental animals, whereas 
other types of vitamin deficiency may favor the 
growth of viruses. 

Further extension of the range of chemotherapy 
for the diseases caused by filtrable virus might be 
accomplished by additional empirical discoveries. 
It appears, however, that a satisfactory solution 
of the problem requires a knowledge more com- 
plete than we have at present of the fundamental 
life processes of cells. 
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DISTINGUISHED national and interna- 
tional figure in his chosen field, plant pa- 
thology, Professor E. C. Stakman, of the 





University of Minnesota, is one of Minnesota’s out- 


standing scholars and scientists. He holds a com- 


}manding position also in the broader fields of biol- 


ogy and agriculture, as attested by an ever-increas- 


Jing demand for his services in various consultant 
Yand advisory capacities. 


For many years Dr. Stakman has been an active 


}Fellow of the American Association for the Ad- 
Fvancement of Science and since 1947 has served 
Jas a member of its Executive Committee. He has 
contributed effective leadership to other scientific 
Wsocieties as well, particularly to The American 
*Phytopathological Society, as president in 1922 
Jand as committee chairman, including the War 
Board of American Plant Pathologists during 
World War I and the War Committee during part 
Hof World War II. His work in the National Re- 


search Council began in 1931 with membership in 
ithe Division of Biology and Agriculture and has in- 
cluded various offices; at present he is vice 
chairman of the Division and also chairman of the 


Committee on Aerobiology, which is engaged in a 


study of aerial dissemination of disease organisms 
between regions and between continents. In the 
American College of Allergy he serves on the Re- 


Msearch Council. He is a member of the Advisory 


Committee on Biology and Medicine of the United 
States Atomic Energy Commission. Last fall he 
went to Japan on a scientific mission for the Na- 
tional Academy of Sciences. These and similar 


Jactivities indicate his breadth of interest and ex- 


perience in the agricultural and biological fields. 
Vhat he has gained from this experience and from 


@his other varied interests will be available for the 
@urthering of the objectives of the AAAS when he 
#ccomes its ninety-eighth president on January 15. 


Professor Stakman has made many outstanding 
ontributions to science in the fields of plant pa- 
hology and mycology. His investigations are in- 
eresting not only because they contain much that 
s of practical importance to agriculture, but be- 
ause of their elucidation of certain fundamental 
*The writer is greatly indebted to Miss Laura M. 


amilton for her assistance in the preparation of the 
anuscript. 
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THE NINETY-EIGHTH PRESIDENT OF THE AAAS 
J. J. CHRISTENSEN* 


Division of Plant Pathology and Botany, University of Minnesota, St. Paul. 


biological concepts. His pre-eminent researches 
have been on the genetic variation and the nature 
and extent of physiologic specialization in para- 
sitic fungi, and in the epidemiology of stem rust. 
In his work on physiologic specialization he dem- 
onstrated for the first time that within a variety of 
a species of the stem rust fungus there were races, 
or strains, that looked alike but which behaved 
differently on different varieties of cereals and 
grasses. On the basis of this work he was awarded 
the Emil Christian Hansen gold medal and prize, 
in recognition of his accomplishments in the de- 
velopment of new ideas and of methods for inves- 
tigating the rust problem. These contributions are 
applicable not only to a study of rust but to inves- 
tigations of microorganisms in general. 

Dr. Stakman’s discoveries in physiologic spe- 
cialization of fungi have been a tremendous stimu- 
lus to basic research in microbiology; they have 
changed our concept of a species if not more than, 
then as much as, any other single discovery in 
biology; they have modified our taxonomic con- 
cepts in the lower organisms ; and they have revolu- 
tionized the method of developing resistant varie- 
ties of crop plants. They also are of great value in 
the production of antibiotic substances and in other 
industrial processes associated with microorgan- 
isms. A knowledge of specialization is of funda- 
mental importance to sound procedure in justify- 
ing and in establishing plant quarantine regula- 
tions. 

In spite of Dr. Stakman’s zeal for research, he is 
primarily and outstandingly a teacher. He is an 
exponent of good teaching and has contributed 
materially to building up sound curricula for agri- 
cultural students at the University of Minnesota. 
In classrooms as well as in personal contact, he is 
constantly inspiring and stimulating students and 
fellow-workers to find out things by their own ex- 
perimental investigations, to acquire a sound back- 
log of scientific facts determined by other workers, 
and to assimilate and organize demonstrated prin- 
ciples of science that are applicable to future prob- 
lems. Lectures and seminars are usually not given 
in a formal, standard manner but are frequently 
interspersed with questions and with class discus- 
sion ; often the philosophical implications of scien- 
tific data are considered. By devious means he 
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side of an argument in order to develop the ability 
of students to organize and synthesize facts. He is 
also a firm believer in laboratory work; to him 
there is no substitute for laboratory and practical 
experience in the biological sciences. 

He also encourages the development of a broad 
cultural education ; as one means of achieving this, 
he started a library, which includes the arts and the 
humanities, for the seminar room of the plant 
pathology building at Minnesota, to which students 
traditionally contribute upon their departure and 
to which Stakman honoraria are channeled. Al- 
though he is a strong believer in rigorous educa- 
tional discipline, to most graduate students he is 
a real friend and counselor as well as an under- 
standing teacher. He is at ease with students of all 
ages, understands their educational and personal 
problems, and participates in their sports, cultural 
activities, political and social arguments, and all 
intellectual discussions. 

The remarkable fact is that Stakman’s friend- 
ship with a student does not end when the stu- 
dent has completed his formal education and has 
earned his coveted degree. Many continue to bring 
their problems to him. They also like to bring their 
children to see him, and the children and “Stak” 
are soon fast friends. They quickly sense that he 
is a warm-hearted, human sort of person. 

Students come from all parts of the world to 
study under him. Under his supervision more than 
180 students have obtained higher degrees, and 
many others have come to Minnesota to take post- 
doctorate work. His former students are to be 
found in scientific laboratories of the United States 
and of the world. Some of his students have at- 
tained distinction in biological research; others 
have assumed executive positions in their govern- 
ment’s agricultural organizations ; a few have con- 
tributed to important international agricultural and 
educational programs, among them representatives 
to the Food and Agriculture Organization. 

Dr. Stakman’s enthusiasm for education and re- 
search has not been confined to the United States. 
He has traveled extensively on scientific missions 
in this and other countries and has been employed 
in an advisory capacity, during periods of leave 
from the University, in far-flung regions of the 
world, He has made several professional trips to 
Europe and has traveled around the world twice. 
In 1921 he was sent to Alaska by the U. S. De- 

partment of Agriculture to study rusts, and the 
next year to Europe to study the barberry, alter- 
nate host of black stem rust, in relation to the con- 








stimulates discussion and will readily take either 
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his colleagues were the first to use the airplane ;; 
determining the spore content of the air in stud). 
ing the long-distance dissemination of plant-diseas 
organisms. In the winter of 1930-31 he was gues 
lecturer at the University of Halle, Germany. H: 
also has participated in international scientific con. 
gresses: as delegate to the first Pan-Pacific Sciene 
Congress in Australia in 1923; in the Internationa 


Botanical Congress at Cambridge in 1930; and a} 


Amsterdam in 1935, where he served as vic 
president of the section on microbiology. 

While on leave in 1930, Professor Stakman wa: 
employed by the Firestone Plantations Compan 
to investigate disease problems on their rubber 
plantations in Liberia; their present research lab: 
oratory there was set up on the basis of his recom: 
mendations. He also has firsthand knowledge | 
rubber growing in Ceylon and other areas of th: 
Far East. During World War II, as part of t! 
program of national defense in the Western Hemi| 
sphere, he was sent by the U. S. Department 
Agriculture into northwestern South America | 
study native rubber in the jungles and the poss: 
bilities of developing Hevea rubber there. 

In recent years Dr. Stakman has been active} 
in the development of educational and researc’] 
programs in Latin America. In 1941 he served a} 
member of a survey commission appointed by th 
Rockefeller Foundation to study agricultural con 
ditions and problems in Mexico, and in 1943 helpe 
to implement the Foundation’s program of agr: 
cultural improvement. As an extension of ths! 
work he has traveled recently in several Centra| 
and South American countries to study agrict! 
tural problems and to determine the status of edu: 
cation and research in the natural sciences. On th: 
basis of his study, more extensive cooperative it: 
vestigations have been instituted on plant-diseas| 
problems of international importance. He has bee 
instrumental in encouraging Latin-American stv: 
dents to come to the United States for graduat: 
work, and the first of them now have returned t 
important positions at home. Through his inter 
est and encouragement, the Mexican Phytopathe- 
logical Society has recently been organized. 

As a result of this extensive experience, he ha: 
a sound knowledge and sympathetic understané: 
ing of the problems of this and other countries 
And at the same time, as his students will testify 














trol of this destructive disease of wheat and othe-| 
small-grain crops. For many years he has direct 
and personally made observations on stem rust j;| 
Mexico and the United States, particularly in th 
Great Plains area. In this work, Dr. Stakman ar! 

































T 


i 
4 } 
























P 


ta 





: th 


. in 


aH 








at 


be 
pa 
fo 
ye 


@ lis 


pli 


no 


D 


th 
ch 


S cu 


the 
pa 
in 

wl 
ha 
ch 
wi 
ru 
ve 
Fe 
Ey 





THL| 


othe; 
recte; 
PUST tr 
in the 
in ar 
ane tr 
stud): 
liseas: 


D jaovary 1949, Volume LXVIII 





















gues} 
ry. Hel 
C con: 
Cience 
itiona 


and ai} 


> VICE 


n was 
npan! 
ubber| 
h lab-| 


ecom-| J 


ige | 
of thi 
of the} 
Temi: 
ent | 
ica t 
poss: 


active 
earc! 
red as 
ry the 
l con: 
ielpe 


agri: 


entra 
Ticul: 
F edu- 
Mn the 
ye it 
iseast 


; bent 
1 stupa 


duate 
ed t 
inter: 
atho- 


e has 
tand- 
it ries 


stify, 















he has an understanding sympathy for the prob- 
lenis of the individual in both Eastern and West- 





ern Hemispheres. 


Elvin Charles was born in May 1885, in Al- 
eoma, Wisconsin, but has lived in Minnesota since 
early boyhood. He grew up in the village of Brown- 


Fton, Minnesota, where he obtained his early educa- 
tion and farm experience. Stakman has not for- 





gotten his farm life and enjoys relating boyhood 


experiences. He still has a genuine interest in rural 


life and is well versed in methods and types of 
farming, not only in Minnesota but in many other 
parts of the world. 

In 1902 he graduated from Cleveland High 
School in St. Paul, and in the fall registered in the 
College of Science, Literature and the Arts of the 
University of Minnesota, majoring in biology and 
political science. He received the Bachelor of Arts 
degree in 1906 and was honored by election to 
Phi Beta Kappa. During the next two years he 
taught in Minnesota high schools at Red Wing and 
at Mankato, and in 1908-09 was superintendent of 
the school at Argyle. In 1909 he became a mem- 
ber of the University staff as an instructor in plant 
pathology and began his graduate work under his 
former botany professor, E. M. Freeman. Two 
years previously, Professor Freeman had estab- 


F lished at St. Paul one of the first departments of 


plant pathology in the United States. In 1910, 
Stakman received the Master of Arts degree and, 
in 1913, the degree of Doctor of Philosophy. He 
now holds, in addition, an honorary degree of 
Doctor of Natural Sciences from the University of 
Halle-Wittenberg, Germany. 

From 1913 to 1941, Dr. Stakman was head of 
the section of plant pathology; at present he is 
chief of the Division of Plant Pathology and Agri- 
cultural Botany. He also has been associated with 
the U. S. Department of Agriculture in various ca- 
pacities since 1914. In 1918-19 he was pathologist 
in charge of the barberry-eradication campaign, in 
which he has long been interested. Since 1917 he 
has been Pathologist and Agent in the USDA in 
charge of cooperative investigations carried on 
with the University of Minnesota on stem rust and 
rust epidemiology. He also represents the Uni- 
versity in directing cooperative relationships with 
Federal pathologists stationed at the Minnesota 
Experiment Station. 

In 1917 he married Louise Jensen, of Minne- 
apolis, who was then mycologist at Minnesota. 
They live near the St. Paul campus of the Uni- 
versity. 

Dr. Stakman has been honored by membership 
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in the American Academy of Arts and Sciences, 
the American Philosophical Society, founded by 
Benjamin Franklin, and the Washington Academy 
of Arts and Sciences. He also holds, among others, 
honorary life membership in the Sydney (Aus- 
tralia) University Agricultural Society; he was 
made an honorary member of the Canadian Phyto- 
pathological Society in 1945, and a foreign mem- 
ber, in 1946, of L’Académie Royale d’Agriculture 
de Suede, founded in 1811. There is in addition a 
long list of professional societies of which he is 
a member. 

In both speaking and writing, Stakman ex- 
presses his thoughts with ease, clarity, and force- 
fulness. He is in demand as a speaker and last 
year traversed the United States in a lecture series 
sponsored by Sigma Xi, honorary scientific so- 
ciety. His publications include about 200 titles 
and embrace a wide range of researches. Many of 
the articles are classics in their field. Some are of 
a summary type, others have a general scientific 
and philosophical aspect. Most of his writings have 
been published in scientific journals or as bul- 
letins, and some as chapters in biological books. 
He has pressing invitations to write books but has 
been too much occupied in research and in direct- 
ing graduate students to undertake the compila- 
tion of texts. From 1925 to 1929, he was editor- 
in-chief of Phytopathology; before the war inter- 
rupted publication, he was American editor of 
Phytopathologische Zeitschrift; at present he 
serves on the editorial board of the Annual Re- 
view of Microbiology. 

“The Big Chief,” as the students call him, gets 
a tremendous amount of enjoyment from life, and 
to everything he does brings a stimulating vigor. 
He is genuinely interested in any subject whether 
it be history, politics, religion, football, or tobacco. 
(One of his hobbies is the collection of pipes.) 
Being a voracious reader and possessed of an in- 
credibly retentive memory, he is well versed in a 
great many fields. He likes intellectual discussion ; 
he has the unique ability to weave together appar- 
ently insignificant facts into a sound, logical argu- 
ment, and will fight for what he considers a valid 
premise. Particularly fond of history, he will dis- 
cuss at the least provocation diverse political situa- 
tions with historical perspective and background. 

He has always been very much interested in 
sports. He played baseball, tennis, and handball; 
and he coached baseball and football in high school. 
For years he was the driving force behind the plant 
pathology softball team at University Farm, first 
as a player, later as the coach. His motto was: 
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“Whether you work or play, do your very best.” 
His team won the campus championship eighteen 
out of twenty years. He still has the happy faculty 
of relaxing completely, and he follows Minnesota 
football closely. 

Dr. Stakman has probably contributed fully as 
much as an educator and propagandist for the ad- 
vancement of science, culture, and civilization as 
he has as a professional scientist. He has a deep 
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and abiding interest in education and in fu 
mental science, and he understands thorough| 
their function and use. For years he has been ; 
tireless fighter for the advancement of science, ad. 
vocating more basic research, not necessarily fo; 
the pressing problems of today but to provide ; 
reservoir of facts for future use. According to hin 
“Fundamental research over a long period of year: 
. gives the most practical results.” 





ELVIN CHARLES STAKMAN 
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IHE evening primrose, Oenothera, began its 
scientific career in the 1880s, more than 60 
years ago. It chose as the stage upon which 
® to make its debut, not its native haunts, but a for- 
eign shore, having been transported from America 
to Europe, in all probability, in ships carrying bal- 
last. Springing up on the ballast heaps of Europe, 
the evening primrose spread relatively unnoticed 
over the Continent. A few taxonomists examined 
it and attempted to classify it. A few florists picked 
out one or two of the showier kinds and introduced 
them into gardens in England and Germany. But 
the unique features of the evening primrose went 
unnoticed until 1886, when De Vries happened 
upon it. Since that time, the plant has received 
more than its share of attention. 

The thing that first attracted De Vries’ attention 
was the peculiar habit which the plant showed of 
giving rise on rare occasions to individuals very 
different from the common run of offspring. 
De Vries noted this in an abandoned field near 
Amsterdam, which the evening primroses had 
taken over. Lamarck’s evening primrose, as De 
Vries called it, is a showy form, and the field where 
he found it must have been a place of beauty. But 
what attracted De Vries was the fact that, whereas 
most of the plants in the field were indistinguish- 
able from one another, here and there a very differ- 
ent individual reared its head. Could these be what 
De Vries had been searching for, new species in 
the act of originating ? Subsequent breeding experi- 
ments showed that such forms arose in each gener- 
ation from lamarckiana, and that some, at least, of 
these new types bred true when selfed. De Vries 
was encouraged to think that he had a case where 
new “elementary species,” as he called them, were 
springing full-fledged into existence, like Athena 
from the head of Zeus. Upon this assumption, and 
based largely upon Oenothera, De Vries developed 
his celebrated mutation theory of evolution. 

Unfortunately it turned out, however, that there 
was much more to the behavior of the evening 
primrose than met the eye. These so-called muta- 


_* The help of the Rockefeller Foundation and of Indiana 
University in all this work is gratefully acknowledged. 















































A BOTANICAL NONCONFORMIST* 


RALPH E. CLELAND 


Professor Cleland (Ph.D., Pennsylvania, 1919), who is head of the Department of 
Botany, Indiana University, delivered the address from which this article is taken as 
retiring president of the Botanical Society of America at the Dinner for All Botanists, 
Washington, September 11, 1948. 
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tions were not what De Vries thought they were, 
but were instead just one manifestation of the pe- 
culiar way in which Oenothera manipulates its 
chromosomes. At that time, of course, the part 
played by chromosomes in heredity was only dimly 
suspected. 

It was not long before De Vries discovered that 
Oenothera is unusual in another respect. Not 
only does it throw occasional sports, it is also 
unique in its normal breeding behavior. Although 
De Vries made this discovery prior to 1900 
when, along with Correns and Tschmermak, he 
unearthed Mendel’s published work, he was 
already familiar from his own experiments with 
the essentials of what is now called Mendelian 
inheritance. He knew that homozygous or pure 
individuals breed true and that hybrids or 
heterozygous plants tend to produce splitting prog- 
enies. He therefore interpreted the fact that his 
races of Oenothera bred true (except for the rare 
mutations) to mean that they were pure. On this 
basis, two pure races crossed to each other should 
yield but one class of progeny. Instead, they often 
produced splitting progeny, and the hybrids thus 
produced, which should have yielded splitting 
progenies when selfed, often bred true. Thus 
De Vries was confronted with an anomalous 
situation. Other plants breed true when pure, 
and produce varied progeny when they are hybrid. 
Supposedly pure races of Ocnothera, when 
crossed, often give splitting progenies, and un- 
doubted hybrids often breed true. Thus, Oenothera 
seemed often to behave in a manner diametrically 
opposite to that of other plants. De Vries was 
unable fully to understand this behavior. He could 
not bring himself at first to admit that his races 
were heterozygous, as Renner insisted, for that 
would have called in question the significance of 
his so-called mutations. He tried to explain the 
formation of more than one kind of gamete in 
his supposedly pure races by assuming the pres- 
ence of pangenes in a labile or unstable condition, 
which mutated, thus giving more than one kind 
of germ cell. This, however, failed to explain the 
behavior of Oenothera with complete satisfaction. 
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It remained for Renner to give the correct 
genetical interpretation. (Bartlett in this country 
hit on the same fundamental conception independ- 
ently.) In so doing, he discovered uniqueness in- 
deed in the genetical behavior of the evening 
primrose. 

Briefly, what he found was this. Although the 
evening primrose has 14 chromosomes and should, 
therefore, according to normal Mendelian _be- 
havior, have 7 independent groups of genes, it 
frequently behaves as though it had but one pair 
of chromosomes and one linked group of genes. 
In most other organisms, the genes received from 
father and mother become shuffled when an in- 
dividual produces reproductive cells, so that many 
combinations of paternal and maternal genes are 
possible among the germ cells produced. Thus, 
it should theoretically be possible for an evening 
primrose, with 7 pairs of chromosomes, to produce 
128 different kinds of sperms and eggs. Instead, 
most races of Oenothera produce only 2 kinds, 
and these are identical with the sperm and egg 
which united to form the plants producing them. 
This is the behavior one would expect if it had 
received only 1 chromosome through the sperm 
and 1 through the egg. It receives, however, 7 
from each gamete. 

Renner also drew attention to two other pecu- 
liarities in these plants. The first was the presence 
of lethals (Fig. 1). Each set of genes received by a 
plant possesses a so-called lethal which makes it 
impossible for any individual to develop which 
has received this set of genes and this lethal 
through both sperm and egg. The lethal in one set 
of genes is different, however, from that found 
in the other set of genes in a plant. If we desig- 
nate the set of genes received by a plant through 
the egg as alpha, and that received through the 
sperm as beta, the genetical constitution of the 
individual is then alpha beta. When this individual 
forms gametes, only two kinds are produced, 
those carrying alpha and those carrying beta. None 
of the offspring, however, can be alpha alpha or 
beta beta because of the lethals. Only alpha beta 
individuals can be formed if the line is inbred 
(and most evening primroses which show this 
behavior are habitually self-pollinated). Since in 
most races the alpha and beta sets of genes are 
very different from each other, we have the 
anomaly of a highly heterozygous race which 
breeds true, every individual in every generation 
being perforce alpha beta. 

The other peculiarity analyzed by Renner was 
the fact that when two different races are crossed, 
the hybrids formed do not always behave as their 
parents do. They do not always produce just two 
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kinds of gametes identical with the ones that united 
to form the hybrid. In other words, the gene; 
which were all linked into a single group in eac! 
of the parents have now become partially unlinke; 
in the hybrids. Strangely enough, if race 1 is crossed 
with races 2, 3, or 4, the genes transmitted to the 
F, hybrids are found to have become unlinked in 
different ways in the different hybrids, but always 
in the same way in the same hybrid, no matter 
how many times this hybrid is produced. Thus, one | 
cross may produce a hybrid with two linkage | 
groups, another may produce one with three 

groups, another one with four, and so on. Two 

genes may be linked in one hybrid but independ. 

ent in another. In short, the single linkage group | 
found in the parents has disintegrated in the 

hybrids, has disintegrated in different ways in 

different hybrids, but always disintegrates in the 

same way in the same hybrid. 

This behavior, so beautifully analyzed by Ren. | 
ner, was quite unique and quite beyond explanation | 
in terms of ordinary Mendelian behavior. In other 
organisms, linkage is due to the linked genes be- 
ing bound up in the same chromosome, and the) 
can become unlinked only by the disintegration | 
in one way or another of the chromosomes in 
which they reside. It was, however, unthinkable that 
chromosomes that were intact in races would | 
become altered structurally in hybrids between 
these races, and in different ways in different | 
hybrids. Renner’s analysis therefore revealed some | 
very strange and unheard-of kinds of genetical | 
behavior. No organism with such genetical be- | 
havior had ever been found before. 

Since not even evening primroses are free from 
the laws of cause and effect, this strange behavior 
had to have an explanation, and this came to light 
when the chromosomes were critically examined. 
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Fig. 1. Diagram showing the two kinds of balanced 
lethal situations in Oenothera. A, gametophytic lethals. On¢ 
set of genes has a lethal which kills the male gametophyte, 
the other has a lethal which kills the female gametophyte 
B, zygotic lethals. Each set of genes has a lethal which 
kills any zygote receiving this set in double dose. Either 
kind of balanced lethal situation makes it impossible ‘or 
an individual to exist which has received the same set | | 
of genes through sperm and egg. ta 
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It was at this point that the author entered the pic- 
ture with the discovery that chromosome behavior 
in meiosis in Oenothera is as unique as its genetical 
behavior, and that this unique chromosome be- 
havior is of such a nature as to explain very neatly 
the peculiar genetical behavior analyzed by Renner. 

Briefly, these peculiarities in chromosome be- 
havior are as follows: In the reduction divisions 
which occur at the formation of spores in anthers 
and ovules, the chromosomes fail to pair as they 
do in other organisms. Instead, they become 
associated end to end into a closed circle, all 14 
chromosomes being united into a single circle in 
most races (Fig. 2, A). At the first reduction 
metaphase, the circle remains intact and the 
chromosomes orient themselves in the middle of 
the spindle in such a way that adjacent chromo- 
somes become attracted toward, and later move 
to, opposite poles (Fig. 2, B). 

This behavior, which was unknown until found 
in Oenothera, furnishes the basis for the breeding 
peculiarities that Renner analyzed. Obviously, 
what happens is that a given chromosome, de- 
scended, let us say, through the sperm, synapses 
at one end with a chromosome derived from the 
egg and at the other end with a different egg-de- 
rived chromosome. In other words, it is homolo- 
gous at one end with one chromosome and at the 
other end with another chromosome, and so it 
synapses at its two ends with two different chromo- 
somes. This is true of all the chromosomes in the 
circle. The result of this setup is that chromosomes 
of paternal and maternal derivation alternate with 
each other in the circle, the force holding them to- 
gether being the ordinary synaptic force. 

But if paternal and maternal chromosomes alter- 
nate in the circle, and if adjacent chromosomes go 
to opposite poles of the spindle, obviously all 
paternally derived chromosomes will go to one 
pole and all maternally derived choromosomes will 
go to the other pole (Fig. 3). Then all paternally 
derived genes will go to one pole and into the same 
germ cells, and all maternally derived genes will 
go to the other pole and into other germ cells. 
The result will be the same as though all paternal 
genes were in one chromosome and all maternal 
genes in a single corresponding chromosome. 
Thus, although there are 14 chromosomes, the 
plant behaves normally as though it had but one 
pair of chromosomes, producing only two kinds of 
germ cells—one kind being identical with the 
sperm, the other with the egg that united to 
produce the plant. Since each set of genes has a 
zygotic lethal and cannot as a result exist in double 
dose, and since the plant is generally self-polli- 
nated, thus excluding as a rule sets of genes from 
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other plants, all the progeny of a plant will 
normally be exactly like itself, recombining the 
same two sets of genes which this plant itself re- 
ceived and which it transmits intact to the next 
generation. This will continue indefinitely, the 
same two kinds of sperm and egg being produced 
in each generation. Each set of genes is transmitted 
from generation to generation intact and in- 
definitely. Each is a continuing entity. We call 
ita Renner complex. The plant breeds true, there- 
fore, but not because it is homozygous—in fact, 
in all such races the two sets of genes are notice- 
ably to strikingly different genetically. 

But how does this anomalous chromosome be- 
havior explain the bizarre finding of Renner that 
the sets of genes which were in effect linked in the 
parents are not necessarily linked in hybrids be- 
tween races, that they become unlinked in differ- 
ent ways in different hybrids? The obvious sug- 
gestion is that the large circle of chromosomes no 
longer exists in such hybrids, that different ar- 
rangements chromosomes exist in different 
hybrids. Theoretically, two sets of 7 chromo- 
somes in Oenothera can become associated in 15 
different ways, forming configurations ranging 
from () 14 to7 pairs (Table 1). If a hybrid has its 
chromosomes arranged into two independent 
circles, its genes might be expected to act as though 
they were in two independent linkage groups. If 
there are three circles present, the genes should 
act as though they were distributed among three 
linkage groups and so on. It was easy to test 
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Fig 2. A, diakinesis in pollen mother cell, showing circle 
of 14. B, first meiotic metaphase, with circle of 14 intact, 
adjacent chromosomes going to opposite poles. 
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Fig. 3. Diagram to show that the meiotic mechanism produces gametes that are identical with the gametes which 
united to form the plant. Alternation of paternal and maternal chromosomes in the chain, and the separation of adjacent 


chromosomes, bring about this result. 

this suggestion by making crosses between races 
and examining the hybrids to see how their 
chromosomes behaved in relation to the way their 
genes behaved. I was fortunate to have the op- 
portunity of spending two summers and the inter- 
vening winter with Renner and Oehlkers, subject- 
ing this hypothesis to extensive tests. The chromo- 
some behavior of many hybrids was examined, 
and these hybrids were then subjected to breeding 
tests to determine as far as possible the number 
of genetic linkage groups present. The results 
were striking. Those hybrids which had a single 
large circle bred essentially true, showing that 
their genes were linked into a single group. Hy- 
brids with several smaller circles or a mixture of 
circles and pairs produced splitting progenies, the 
complexity of this splitting increasing as the 
number of independent circles or pairs increased. 
Thus the phenomenon which Renner observed in 
hybrids was found to follow a very simple rule; 
namely, the number of linkage groups is equal 
to the number of chromosome groups, whether 
these be pairs or circles. Many hybrids between 
races have been studied since this initial investiga- 
tion was made. All 15 arrangements into circles or 
pairs have been found over and over again among 
these hybrids, and their genetic behavior, wherever 
tested, has been what might be expected on the 
basis of this hypothesis. 

All of this, however, raises further questions. 
Why do the Oenothera chromosomes behave in 
this peculiar way? Why do they not pair normally 
as they do in other organisms? In some races of 
Oenothera, particularly in some subgenera, they 
do behave normally, but the majority of the races 
throughout most of the range have G) 14 as their 
chromosome configuration. Why is this peculiar 
behavior found in the races, and why are different 
chromosome arrangements found in different 
hybrids ? 

Belling was the first to offer a fruitful suggestion 
in this connection. Finding a circle of 4 chromo- 
somes in a hybrid between two races of Datura, 
he suggested that one of the parental races in- 
volved had suffered an exchange of segments 
(reciprocal translocation) between two nonhomol- 


ogous chromosomes (Fig. 4). From one parent 
the hybrid had received only normal chromosomes, 
but from the other parent it had received a pair 
of translocated chromosomes. When germ cel] 
formation took place in this hybrid, and homol- 
ogous regions synapsed, the translocated chromo- 
somes gave (~) 4 with the untranslocated ones. 
Belling suggested that reciprocal translocations 
such as this might be the explanation of the Oe- 
nothera behavior, large circles being formed as 
the result of a series of translocations, one follow- 
ing the other. 


There is no time to go into the way in which 
it was proved that Belling’s suggestion was indeed 
valid for Oenothera. Suffice it to say that the work 
of a number of different investigators has shown 
beyond doubt that circles have come into existence 
in Oenothera as a result of reciprocal trans- 
locations, the large circles being the result of 
series of successive translocations. Such transloca- 
tions are known in other organisms, especially 
in plants, but Oenothera is unique among organ- 
isms in the extent to which it has experienced 
this sort of exchange. A few other genera are 
known in which a single species has had sufficient 
background of interchange to have developed 
a circle incorporating all its chromosomes. No 
other group is known, however, in which the great 
bulk of the races existing in nature have had 


TABLE 1 


PossiBLE ARRANGEMENTS OF 14 CHROMOSOMES INTO 
CIRCLES AND PArrs 


© 14 

© 10, © 4 

© 8 © 6 

© 604 04 
© 12, 1 pair 

© 8, © 4, 1 pair 
-) 6,© 6, 1 pair 
© 4,0 4,0 4,1 pair 
© 10, 2 pairs 

© 6, © 4, 2 pairs 
© 8, 3 pairs 

© 4, © 4, 3 pairs 
©) 6, 4 pairs 

© 4, 5 pairs 

7 pairs 
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Ssuch a background. Oenothera has gone to an 
Fextreme in this regard. 


As a result, the Oenothera population possesses 


3. structure which is in many respects unparalleled 
; among plants or animals. Throughout most of the 
Srange, the population consists of a multitude of 
Traces with G) 14, more or less isolated from one 
Fanother because of the self-pollinating habit, 
}breeding true because of the large circles and the 
“Flethals which allow only one genetic combination 
Tto exist in each race, this same genetic combina- 
“Stion appearing over and over again in practically 
Fevery individual of every generation. The circle 
tof 14 chromosomes present in each race is com- 
} posed of two sets of chromosomes which have had 


F different histories of interchange and are therefore 


Fentirely unlike each other in the arrangement of 


their segments. Not a single chromosome of one 
set is completely homologous with any chromo- 
some of the other set. To make this clear, let us 


designate each chromosome by two numbers con- 
Hnected with a dot, the numbers representing end 


segments of the chromosome. One set of chromo- 
somes might be designated as follows: 1*2 3°4 


35°6 7*8 9°10 11°12 13°14. The other set of 


> ments, 





chromosomes associated with it to form ©) 14 will 
have an entirely different arrangement of seg- 
let us say, 2°3 4°5 6°7 89 10°11 
12°13 14° 1. Synapsis of corresponding segments 


}will produce G) 14. There are of course many ar- 


rangements of segments which will give G) 14 with 
each other, and many different arrangements 
exist among the hundreds or thousands of races 
bearing G) 14. 

How has such a situation arisen? It is logical 
to suppose that once upon a time the ancestors of 
the Oenotheras were all normally behaving plants, 
with paired chromosomes. Then translocations be- 
gan to take place and circles began to arise, at 
first small, then larger and larger. Did this happen 


} within races, each race with G) 14 thus being the 


result of a separate and distinct evolutionary 
process? The evidence indicates that this was not 
the case but that different interchanges occurred 


} in different strains, and then by occasional hybridi- 


zation, and by interchanges within or between the 


} complexes of the new hybrid strains, new seg- 


) mental arrangements were formed, many of which 
by further hybridization came to be associated with 
} different complexes to form different races, a 


OL aan aaoncaRRD Emearen inca 


given arrangement thus being present in more 
than one race. As a result, we find that many 
different segmental arrangements exist, and many 
combinations of complexes are to be found in dif- 
ferent races. We also find that, although the two 
associated complexes in a race are usually dis- 
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similar in segmental arrangement, it is common 
to find complexes in different races which are 
similar or even identical in the arrangement of 
their segments. All of this suggests that when we 
find complexes in different races which are 
similar or identical segmentally, they are phylo- 
genetically closely related and have had a recent 
common ancestor. This gives us a clue to the 
evolutionary relationships that exist in the group. 

Using this clue, we have tried to determine 
where the relationships lie among the North 
American races of the subgenus Euoenothera. 
This enormous group, the largest of the 15 sub- 
genera of Oenothera, is the one that includes 
most of the races studied by De Vries and Renner. 
It is also a very difficult group taxonomically. | 
would like to show how we have tried to ferret out 
these relationships and very briefly to indicate 
what sort of situation we have found. Our method 
has been to take two races and cross them. If the 
complexes of these races are closely related, their 
segmental arrangements will be similar or identical, 
and when they are combined in the hybrid they 
will give mostly or entirely paired chromosomes 
with each other. If the complexes of the two 
races are unrelated, they will have unlike arrange- 
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Fig. 4. Diagram illustrating reciprocal translocation. 
Above, two chromosome pairs, their ends numbered 1 
and 2, 3, and 4, respectively. Middle, arrangement ot 
segments following interchange of ends 2 and 3. Below, 


result of synapsis following interchange. A circle of 4 
will result, instead of separate pairs. 
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ments of segments and will give large circles with 
each other when combined. By making all sorts 
of crosses, one can discover in this way many cases 
of relationship. 

We can go farther than this and take one 
complex as a standard and determine the seg- 
mental arrangements of other complexes in terms 
of this standard. We can then take each of the 
arrangements thus determined and compare it 
with the primitive arrangement, and in many cases 
can see what interchanges have taken place to give 
rise to these arrangements. We can get a rather 
clear idea in this way of how they have evolved 
and how they are related both to the original and 
to each other. 

As a result of our analysis of segmental ar- 
rangements, we find that the hundreds of races of 
the North American Euoenotheras tend to fall 
rather sharply into a small number of larger group- 
ings, of which we have so far recognized seven. 
Each of these groupings is composed of races 
that have much in common. Phenotypically they 
are much alike, geographically they occupy near-by 
areas, and their complexes show a close relation- 
ship in segmental arrangement to one another. On 
the other hand, each of the large groupings is 
quite different from the others in cytogenetic be- 
havior, and in most cases it differs from them 
also in phenotype and in geographical distribution. 
These groupings, therefore, have many of the 
features of species, and where they can be rec- 
ognized phenotypically (in a few cases they can- 
not), it is probable that they should be accepted 
as species. 

I shall not try to describe these groupings at 
this time. Suffice it to emphasize that the North 
American Euoenotheras are made up of multi- 
tudinous true-breeding and relatively isolated races 
and that these races fall rather neatly for the most 
part into natural groupings that in some cases 
may prove sufficiently distinct to deserve acceptance 
as species. 


There is one other aspect of the behavior of the 
evening primrose that I should like to mention. 
Oenothera is a shining example of the fact that 
seemingly deleterious alterations of the hereditary 
mechanism may sometimes and under certain 
circumstances be turned to good advantage in the 
course of evolution. Oenothera has suffered several 
kinds of alteration or mutation, any one of which 
by itself might have placed it at a disadvantage 
in the struggle for existence. By combining all 
these apparently disadvantageous mutations into 
one plant, however, they have been turned to 
advantage in the case of Oenothera and have given 
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it greater survival value than it probably would 
have had if these changes had not taken place. 

The first seemingly deleterious type of alteration 
to appear was the one we call reciprocal trans- 
location. In most organisms, translocations are 
disadvantageous, since they lead to frequent failur 
of the chromosomes to segregate properly in th 
reduction divisions, resulting in sterile germ cells 
Oenothera, however, seems to have overcome this 
danger quite neatly. It fortunately began with 
set of chromosomes all of which were of the sanx 
size, with spindle attachment regions placed in 
the center of the chromosome. It seems to have 
developed a technique by which, as a rule, the 
breaks occur close to the spindle attachment point 
Thus, all the exchanges whose products have 
survived, and all which have been observed t 
occur naturally, have resulted in equal interchang 
segments, and have therefore produced little alter- 
ation in the size or structure of the chromosome. 
When the chromosomes in a circle are all equal in 
length and have median spindle attachments, the 
amount of irregularity in the separation of the 
chromosomes in meiosis is reduced to a low level 
and the resultant sterility is negligible. This is the 
case in Oenothera which, because it has not suffered 
seriously from the occurrence of interchanges, 
has had a tendency to retain the interchanges 
that have occurred, thus developing in the popula- 
tion a large amount of heterogeneity from the 
standpoint of segmental arrangement. 

A second type of mutation developed by Oc: 
nothera that would seem to constitute a handicap 
was the production of lethals. Lethals produce 
serious sterility. One kind, the gametophytic lethal, 
kills every sperm it enters, or every egg, as the 
case may be; another kind, the zygotic lethal, kills 
every zygote into which it enters through both 
sperm and egg. A pair of zygotic lethals, one in 
each complex of genes, will kill 50 percent of thi 
offspring. The presence of such a lethal is therefore 
a serious matter, and lethals must have been a 
great handicap in the earlier stages of Oenothera 
evolution. But the time came when Oenothera was 
able, through the increasing heterogeneity in seg- 
mental arrangement, to bring together sets of 
chromosomes which were entirely unlike each 
other and which therefore gave ©) 14 with each 
other. When such situations began to arise, Oe- 
nothera was at last able to derive an advantage 
from this erstwhile handicap, the presence o! 
lethals, as the following will show. If a pair 
of balanced lethals is present in a single pair o! 
chromosomes, it will ensure the heterozygosity 0! 
this pair, since it is impossible for either chromo- 
some of the pair to exist in double dose. Hetero- 
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sity is advantageous in that it contributes 





Ftoward hybrid vigor. It would, therefore, be of 
Padvantage if all the chromosomes could be made 






yermanently heterozygous and thus bring about 
a maximum of hybrid vigor. But a pair of balanced 
Fethals cuts fertility down to 50 percent. If balanced 


lethals were to appear in all the pairs of chromo- 





— 







Fsomes, the increased hybrid vigor thus achieved 
would be offset by a tremendous reduction in fer- 






Stility. The first pair of lethals would cut the fertility 





down to 50 percent; a second pair would cut the 





}remaining fertility down another 50 percent ; and so 
fon. Obviously, an increase of this sort in the num- 
ber of lethals would result in extinction. When a GC) 
14 shows up, however, a single pair of lethals will 







Fensure the heterozygosity of the whole group of 
¥ chromosomes. 
§ paternal origin in the circle go into the same germ 
cell, they all accompany any lethal present in one 





Since all the chromosomes of 






J of these chromosomes and the whole set of chromo- 
}somes is prevented from existing in homozygous 






* condition by this one lethal. A single pair of lethals, 





therefore, will ensure the heterozygosity of all the 





chromosomes. Thus, at the expense of only 50 





Hpercent reduction in fertility, the heterozygosity 





Hof all the chromosomes—consequently the maxi- 





mum in hybrid vigor—is ensured. 
But it will be argued that a loss of 50 percent 






fin fertility is a serious loss, and so it is. It is 
Hquestionable whether the hybrid vigor gained 
} thereby would have been worth what it cost if it 
Phad not been for a third, seemingly unfortunate, 
# mutation that occurred. This mutation was a re- 
} duction in length of the style, bringing the stigma 
| down to the level of the anther. As a result, hours 

before the flower opens, the flower is self-polli- 











nated and little opportunity is thus afforded for 
pollen from other sources to function. Self-polli- 
nation in general is a bad thing, for it tends to 
bring about homozygosity and eliminate hybrid 
vigor. In this case, however, its bad effect is pre- 
vented. The lethals will not allow homozygosity to 
occur. On the other hand, self-pollination has 
a positively good effect, since it ensures a much 
heavier pollination than would be likely if the 
plant were pollinated by insects, thus helping 
to overcome the sterilizing effect of the lethals. As 
a result of this fortunate combination of what 














would otherwise be unfortunate characters, both 





the lethals and self-pollination are prevented from 
having any harmful effect and are allowed to pro- 
duce only their beneficial effects. The lethals ensure 
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maximum hybrid vigor, and their sterilizing effect 
is largely balanced by the richness of pollination 
brought about by the self-pollinating habit. Self- 
pollination in turn cannot bring about reduction in 
hybrid vigor because the lethals prevent this ac- 
tion. The lethals furthermore are enabled to accom 
plish their desirable function only because of the 


presence of the large circles resulting from suc- 
cessive reciprocal translocations. 

We thus have the unusual picture presented to 
us of three different kinds of alteration, each of 
which by itself might have proved a handicap 
in the struggle for existence. By developing a 
technique of interchange, however, which does not 
give rise to much sterility, and then combining the 
results of interchange with the presence of poten- 
tially deleterious lethals and self-pollination, the 
genus has achieved a combination of characters that 
has given it great survival value. It is interesting to 
note that the genus has spread from the southern 
tip of South America to the far reaches of north- 
ern Canada, and from the Pacific to the Atlantic, 
and that in general the sections of the genus that 
have ranged the farthest and are the most numer- 
ous are the ones with large circles, lethals, and self- 
pollination. Thus the genus presents us with a 
unique example of the way in which it is possible, 
in the evolutionary process, for apparently dele- 
terious characters to combine in such a way that 
together they give to the plant increased survival 
value. 

Space does not permit a deeper excursion into 
the intricacies of Oenothera cytogenetics. Enough 
has been said, however, to give some idea of the 
the degree to which Oenothera differs from or- 
dinary organisms. Taking a number of untoward 
alterations in its hereditary make-up and combin- 
ing them in such a way that they have increased 
rather than decreased the survival value of the 
plants possessing them, the evening primrose has 
developed a type of cytogenetic behavior and a 
kind of population structure that so far as known 
are quite without parallel. 

It has been said that one should cherish his ex- 
ceptions. If this is true, then Oenothera is especially 
to be prized. Originally regarded as one of the 
major puzzles among the higher organisms, it now 
stands forth as one of the most instructive ex- 
ceptions to ordinary cytogenetic behavior and as 
one of the most interesting cases of unusual evolu- 
tionary development. 
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SCIENTIST’S first impression of Japan is 
of many technological developments copied 
from Western countries, and of Japanese 

scientists and technologists whose chief aim seems 
to be to get Western scientific and technical books 
to overcome the effects of their isolation during the 
war. 

After several years of observation, this first 
impression still holds true. It also becomes evident 
that the Japanese are unquestionably the technical 
leaders of the Far East, that they have made 
world contributions to the advancement of mathe- 
matics, theoretical physics, and chemistry ; that in 
fields indigenous to Japan, such as agriculture, 
fisheries, and sericulture, the Japanese show 
great skill in practical methods and the application 
of recent scientific results ;.and that in some sub- 
divisions of these indigenous fields, Japan may 
lead the , world. 

The word “science” as used for organizational 
purposes in Japan includes all fields of learning, 
such as law and literature and the natural and 
social sciences. The modern forms of Western 
learning were superimposed on earlier Chinese art, 
literature, and medicine, so that, to the Japanese, 
scientific research means any kind of advanced in- 
tellectual activity. 

The primary purpose of this account is to relate 
the changes made in the scientific structure in 
Japan during the present occupation—an oc- 
cupation whose chief functions seem to be to make 
the occupation unnecessary, to remove war 
potential, and to allow Japan to achieve a stable 
economy in a democratic manner so that she can 
assume her responsibilities in promoting world 

peace, In a nation of about eighty million people, 
increasing at the rate of approximately one million 
per year in an area about that of California— 
a country that can raise only about 80 per cent of 
its food requirements and is short of natural re- 
sources—the responsibility is frightening indeed. 

The occupation has adopted the sound policy 
that this responsibility is Japan’s. Science and 


technology are considered essential to recovery, 
and fortunately many Japanese scientists and en- 
gineers recognize this responsibility and the neces- 
sity for reorganization of some of the national 
scientific bodies, which, because of a somewhat 
feudalistic influence, were incapable of attacking 
the new problems forced upon them. In general, the 
attitude of the occupation authorities is to ensure 
that the Japanese scientists have an opportunity of 
assuming their responsibilities, and that technical 
policies shall be determined by competent and rep- 
resentative scientists. 

The three national bodies of science are the Im- 
perial Academy of Science, the National Research 
Council, and the Japanese Society for the Pro- 
motion of Science. The reorganization of these 
bodies was one of the important problems facing 
the scientists. One of the problems was to devise 
a method whereby a body of the best scientific 
talent of the country, elected by competent fellow- 
scientists, could be used to guide and coordinate 
the development of science and technology in Japan 
and at the same time provide a sound democratic 
governmental structure. The Japanese have offered 


a solution in an elected body of scientists called the J 


Science Council of Japan, and a governmental com- 
mittee called the Scientific and Technical Admin- 
istrative Commission. 


The present Japanese culture began with the 
introduction of Chinese learning in the sixth 
century A.D. This exchange of. learning wa: 
brought about by scholars, technicians, and Bud- 
dhist priests who came from China and Korea, 
and later by Japanese students who visited China. 
The introduction to Chinese culture had such a 
profound influence that it almost completely over- 
shadowed the native culture. This was especially 
true in science and technology. The Japanese 
learned Chinese astronomy (calendar making), 


mathematics, medicine, sericulture, weaving, paper F~ 


making, metallurgy, pottery, shipbuilding, archi- 
tecture, surveying, etc. 
42 
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The custom of sending envoys to China ended 


Fin Ap. 894. Most Japanese feel that this had 
Fno serious effect on developments in Japan. They 


believe that significant elements of the culture had 
already been assimilated and that China did not 
achieve anything outstanding during this period. 
In this early contact with Chinese culture, Japan 
was merely an imitator, but gradually her own 
characteristic culture began to emerge. 

Early Japanese culture flourished in the eighth 
to the eleventh centuries; then came a 400-year 
dark age—the years of civil war. The intervals 
between wars were not long enough for any sig- 
nificant advancement. There were, however, some 
minor war-related technical developments, such 
as sword and armor making and castle building. 

The arrival of the Portuguese in Tanegashima 
( a small island south of Kyushu) in 1543, with 
the introduction of the musket, is popularly re- 
garded as the first encounter with Europeans. The 
Portuguese traders were followed by the mis- 
sionary St. Francis Xavier in 1549, At that time 
Japan was still in a state of turbulence, but na- 
tional peace was finally established in 1585. From 
1592 to 1598, however, the country was at war 
with Korea. Japan lost the war, but again came 
into contact with Chinese and Korean culture— 
a culture that had made some advancement during 
the 700 years of Japan’s isolation. The defeated 
army brought newly published Chinese books, as 
well as Chinese technicians, back to Japan. This 
again gave new impetus to the development of 
Japanese technology. 

In the year 1603 the Tokugawa Shogunate came 
into power. This regime lasted until 1868, and 
in the 265 years of the Shogunate rule the Japanese 
enjoyed national peace. During this period, great 
advancements in science and technology were 
made. 

At the time of the introduction of European 
culture into Japan in the sixteenth century some 
scientific and technical knowledge was passed on 
by Christian missionaries. The Japanese listened to 
the missionaries with great interest, and a few 
people from all classes were converted to the new 
creed. Later the government began to see danger 
in the propagation of Christianity, fearing that 
Spain and Portugal were using religion as a means 


Gof invasion, and Hideyoshi prohibited the teaching 


Ps 


¥ 


of Christianity. This policy was also followed and 
most strictly enforced by the Tokugawa govern- 
ment, finally resulting in Japan’s closing its doors 
to all European books, including Chinese trans- 
lations of such books. This prohibition was an- 
nounced in 1630 and marked a new era of isolation 
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from European culture. A limited amount of trad- 
ing was allowed with the Dutch at the Port of 
Nagasaki. Even here caution was used, for the 
only contact with the traders was through inter 
preters (who were allowed to learn to speak, but 
not to read, Dutch). 

As time went on, special features of European 
culture came to be more keenly appreciated from 
the material imported by the Dutch. On the advice 
of scholars of the period, Shogun Yoshimune in 
1720 removed the ban on foreign books other than 
those dealing with religion. (This so-called period 
of ‘Dutch learning” lasted nearly 150 years, until 
the end of the Shogunate government.) Transla- 
tions of Dutch books were soon published, books 
on medicine and astronomy far outnumbering other 
technical books. Very few if any books on physics 
and chemistry were translated, and, since facilities 
for experimentation were lacking, little progress 
was made along these lines. 

Mathematics, however, seems to have been in 
a quite different category. Starting with the knowl- 
edge obtained from some Chinese books on mathe- 
matics, the Japanese made unique advancements 
in the seventeenth and eighteenth centuries. These 
studies comprised algebra, geometry, and calculus, 
and there is some evidence that a few of their in- 
dependent discoveries predate the equivalents in 
European mathematics. Japanese mathematicians 
continued their isolated study even after the im- 
portation of European books in 1720 and for a 
short period after the Meiji Restoration in 1868. 
Mostly owing to the inferiority of Japanese nota- 
tion, however, the Japanese finally replaced their 
methods with those from Europe. It is quite prob- 
able that the mental training the Japanese received 
in their development of mathematics was extremely 
valuable in understanding European science in 
succeeding years. 

Just as in mathematics, there was some inde- 
pendent development in Japanese medicine. The 
introduction of Western medicine by the Dutch 
paved the way for the importation of other Wes- 
tern sciences. Japanese medicine was not investi- 
gated in the light of modern theory; the investiga- 
tion would probably be most difficult, not only 
because of terminology but also because of the 
mode of analysis. 

With the surrender of the Shogunate in 1868 
to the Mikado, Japan fully opened her doors to 
foreigners, and Japanese people were allowed to 
go abroad. The Japanese put great effort into the 
study of European and American science and 
technology to overcome the limitations imposed by 
long periods of isolation. In the engineering 
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fields Japan is still in the imitating phase, but her 
accomplishments in the theoretical sciences of 
mathematics, theoretical physics, and chemistry, 
her work in sericulture and agriculture, indicate 
the contributions that the Orient can make to 
Western culture. 


NATIONAL SCIENTIFIC SOCIETIES 


The Tokyo Academy, the predecessor of the 
present Imperial Academy, was founded as a gov- 
ernmental organization in 1879 by the Minister 
of Education upon the suggestion of Dr. David 
Murray, an American adviser. The purpose of the 
new organization was to advise on educational 
matters and to promote arts and science. The 
maximum number of members was 40; the Min- 
ister of Education appointed the first 7, and the 
Academy was to select other members with the 
approval of the Minister. The Academy initiated 
The Tokyo Academy Magazine on its establish- 
ment. 

In 1906 the Academy was reorganized, and the 
Imperial Academy of Science came into existence 
on promulgation of Imperial Ordinance No. 149. 
The statutes provided that the Academy was to 
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be under the supervision of the Minister of Educa- 
tion and was to have for its aims the developmen 
of learning and the promotion of culture. It wa; 
a self-perpetuating body. The members were ap. 
pointed by the Emperor from among men oj 
learning, on the recommendation of the Academy, 
It was divided into two sections: the Cultural and 
Social Science Group and the Pure and Applied 
Natural Science Group (Table 1). The Academ) 
could undertake research projects in cooperation 
with a foreign scientific organization upon ap- 
proval of the Minister of Education, and it could 
become a member of such a foreign organization, 
The Academy was also allowed to elect distin- | 
guished foreign scientists as members. To date, | 
however, only 5 foreign members have been 
elected, and none of these is living at present. The 
members of the Academy originally had the right 
of selection of four members to seats in the House 
of Peers. This right has now been abrogated under 
the new Constitution. 

In June 1919, the Imperial Academy submitted 
a memorial to the Minister of Education advising 
the establishment of a National Research Coun 
cil, This was created in 1920 by Imperial Ordi- 
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an 


ance No. 297 and was placed under the jurisdic- 
ion of the Minister of Education. It had for its 
niins the unification, promotion, and encourage- 
lent of scientific research and its applications. 
‘Science,” as shown in Table 2, included juris- 
rudence and literature. A section on aeronautical 











Gengineering was eliminated at the end of World 





Var II, since a Far Eastern Commission directive 
rohibits civil and commercial aviation. 

An ineffectiveness in the Academy and the 
‘ouncil in the accomplishment of their aims is 
evident, for in January 1931 one hundred influ- 
ential people representing higher learned circles 
met at the Imperial Academy Building and re- 
solved to start an earnest campaign to establish 
more effective organization for the promotion 
f scientific research. 

After many committee meetings, in May 1933, 
















Bthe Japanese Society for the Promotion of Science 
Hwas inaugurated. The Society is a juridical person 








with the objectives of promoting scientific research 
nd forwarding its practical application, thus 





Wcontributing to the advancement of culture, the 
development of industry and national defense, 
Band the enhancement of national prosperity and 
human welfare. Although a juridical person is not 








a governmental body, the Society to all intents 





Sand purposes behaved as though it were. 





In addition to these three important national 





bodies, there are many professional societies, such 





as the Japanese Physical, Chemical, Biological 





#Economic, Electrical Engineering, and Mechanical 
gEngineering Societies. These, however, are non- 






governmental in character and perform their func- 
tions of encouragement of particular fields by dis- 






Fcussion and publications. No attempt has been 
made during the occupation to interfere with 
#them; rather, encouragement has been given to 







form societies in other specialties, in the hope that 
the professional societies, whose membership was 
open to any qualified candidate, would form the 
nucleus of a more representative and effective 
national council of science. 









SCIENTIFIC ORGANIZATIONS DURING THE WAR 






During the war, Japanese science made no note- 
worthy successful or original contributions, but 
concentrated almost entirely on discovering sub- 
stitutes or making minor improvements. This 
failure was probably due mainly to three factors: 
distrust by the military of scientists who had been 
trained or had-traveled abroad (these scientists 
are among Japan’s best) ; poor coordination among 
the scientists themselves, and the nearly complete 
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lack of coordination between the Japanese Army 
and Navy, which amounted almost to antagonism ; 
and, probably the most important, the overwhelm- 
ing might of the scientific and technical develop- 
ments of the Allies, which had a most demoraliz- 
ing effect on Japanese research. 

The Japanese had very little contact with Ger- 
man science during the war. A few instruments, 
such as radar, ultrasonic, and infrared apparatus 
were introduced, but these were not the latest 
models and some were of prewar origin. There 
was some preliminary research on such items as 
proximity fuses, homing bombs, and jet propul- 
sion, but because of poor technique and organiza- 
was made, 


tional difficulties not much 


The amount of pure research, however, especially 


progress 


in mathematics and theoretical physics and chemis- 
try, which went on during the war, is surprising. 
As an example, the theoretical work in nuclear 
physics kept very nearly abreast of developments 
in the rest of the world. 

The predominant active organ during the war 
was the Board of Technology, which was under the 
direct control of the Premier. The Board was a 
kind of centralized administrative planning or- 
ganization and placed particular emphasis on 
aeronautical research. Under the Board, the 
Council for the Mobilization of Science functioned 
as an operating agency and assigned research 
projects to compulsorily nominated personnel. As- 
signments for volunteers were made through the 
Japan Society of Technologists. Encouragement 
for inventive effort was provided by the Imperial 
Association for the Promotion of Invention. Or- 
ganizations such as the Science Mobilization Asso- 
ciation, the All-Japan Union of Learned Societies, 
the Japan Society for Aeronautical Techniques, 
and the National Research Council entered into ac- 
tivities to further the policies directed by the Board 
of Technology. 

Many smaller organizations and committees 
were formed, such as the Science Neighborhood 
Groups. The Japanese natural tendency toward 
theoretical interest and discussions led them to 
attempt the solution of many problems in commit- 
tee rather than in the laboratory. 

In the encouragement of reorganization of the 
national scientific bodies by the occupation au- 
thorities, this weakness in war potential of the 
old organizations was not taken lightly. On one 
hand was the policy that science and technology 
were to be encouraged, since they were considered 
essential to economic recovery; on the other, a 
powerful governmental scientific body might well 
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serve as the genesis of a new technical General 
Staff with warlike aims. It was finally decided 
that if, under the new Constitution, an elected 
nongovernmental council of scientists were formed, 
it would be most likely to accept its responsibilities 
in promoting world peace. 


RESEARCH DURING THE OCCUPATION 


Research was very nearly at a standstill at the 
beginning of the occupation. The most important 
factors were the pressing problem of food and the 
welfare of the scientists’ families. In addition, there 
was the uncertainty among the Japanese as to 
what research was to be allowed and what labora- 
tories were to be affected by reparations and de- 
concentration of the Zaibatsu companies. 

Compared with the rest of Japan, the labora- 
tories survived the bombings fairly well. Most 
damage was inflicted on industrial laboratories, 
although a few universities also suffered severely. 
The laboratories at the University of Literature 
and Science in Hiroshima and Nagoya University 
were probably the most severely damaged univer- 
sity laboratories. The universities at Osaka, Sen- 
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dai, and Waseda and Keio in Tokyo sustained son: 
damage to their laboratories, but many others, suc}| 
as the Imperial Universities of Tokyo, Kyot 
Kyushu, and Hokkaido, suffered no destruction, 

The invading troops did some damage to scien 
tific apparatus, but, considering the circumstance; 
the damage was not great. Much publicity has beer | 
given to the destruction of the four cyclotrons i 
Japan, but this destruction probably worked ir 
the best interests of Japanese scientists, for it drey 
attention to the problem of the place of science 
in society and the necessity for adopting a jus 
attitude toward it. 

The first several months of the occupation were | 
taken up with surveillance of Japanese laboratorie: | 
and a kind of mutual taking of measure with the 
scientists. After this initial period it became evi- 
dent that rather than discourage research it wa: 
necessary to encourage the scientists to resume 
their activities, especially where these involved 
the technical problems associated with food, cloth- 
ing, shelter, health, and export. It became a polic) 
of the occupation that science and technology were 
necessary to the economic recovery of Japan, and 
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ol 
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apanese scientists were encouraged to assume 
hese responsibilities. 

The limitations on research were based on the 
Potsdam Declaration and Far Eastern Commis- 


Bion directives. The Japanese were informed that 


esearch and teaching for the extension of scien- 


ific and technical knowledge would be permitted 
except where directed toward warlike activities. 


n addition to such obvious warlike developments 
ps guided missiles, prohibitions included various 


Whases of nuclear research and aeronautics. 


The chief prohibition in nuclear research is the 
jass separation of radioactive substances. The 
economic condition of Japan is a very effective 


imitation on research in this direction. In aeronau- 


ics, research and organized instruction directed 
oward the manufacture, design, or operation of 


Bry aircraft or devices specifically designed for 
Wircraft are prohibited. This does not prevent the 


sual studies in meteorology or the normal teaching 


Mand research in aerodynamics not specifically ap- 
lied to aircraft. 


The cooperation of the Japanese scientists with 
he occupation authorities has always been most 
emarkable. A few scientists have been purged for 
olitical or military activities, but none because of 


& purely scientific activity. 


The Japanese have been encouraged in their 


Wesire to enter into their normal activities in publi- 


ation. A group of them have already abstracted 
about 5,000 of their papers in physics, chemistry, 


Diology, and engineering published during the war, 


nnd the abstracts have been forwarded to the ap- 


Wropriate journals abroad. In addition, current 
Gesearch papers are now appearing in foreign 
ournals. The importation of scientific journals is 


pncouraged, but because of monetary exchange 


lifficulties this is somewhat handicapped. Some 


ournals have arrived as gifts, however, and or- 


@anizations such as the American Institute of 
Whysics and the American Association for the 
Advancement of Science have given free permis- 


ion for the translation and reproduction of their 


Publications until other arangements can be made. 


There are about 25,000 natural scientists and 
ngineers in Japan today, distributed approxi- 
lately according to Figure 1. Using the Japanese 
lefinition of science, there are approximately 

.000 scientists. An indication of the interest of 
founger students is given in Figure 2, which 


Bhows the approximate distribution among the 
@iifferent fields of science. 


SCIENTIFIC LIAISON GROUPS 
A very limited technical staff among the oc- 


cupation authorities soon made it apparent that a 
better system of liaison was necessary for a broader 
contact with scientists and their laboratories. In 
June 1946 a group called the Japanese Association 
for Scientific Liaison was formed to give at least 
geographic representation to the authorities in 
Tokyo. It was the function of this group to gather 
specific information as required, to help interpret 
occupation directives to the Japanese, and, by more 
intimate contact, to bring Japanese problems to 
the attention of the occupation. Thus, it was de- 
signed to be of mutual benefit to the occupation 
authorities and the Japanese scientists. 

This Scientific Liaison Group worked so suc- 
cessfully that the scientists in other fields asked 
permission to form similar groups. As a result, 
liaison groups were formed in agriculture, medi- 
cine, and engineering. After several months’ suc- 
cessful operation of these groups, they asked that 
they be made more truly representative of Jap- 
anese scientists. The groups had attracted the 
interest of the more active young scientists, who 
were restricted in expressing their opinions by the 
older established organizations. 

In the meantime, the ineffectivness of the older 
organizations was freely discussed. The amount 
of cooperation among the three national bodies 
was surprisingly small. Considerable duplication, 
as well as neglect in attending to urgent activities 
essential to the rehabilitation of Japan, had been 
noted. The fact that an individual belonged to two, 
and sometimes three, of these organizations seemed 
to make little effective contribution toward improv- 
ing coordination. The active operations of the 
Liaison Groups and the reticence of the old 
established bodies soon made it obvious that the 
roles of the existing bodies would have to be clari- 
fied before real progress was possible. The Liaison 
Groups were asked for advice on the subject. 

After the introduction of the question of the 
desirability of reorganization of the existing 
national bodies of science to the Liaison Groups, 
there was a great deal of criticism of the existing 
bodies expressed by individuals of the Groups. 
They especially criticized the feudalistic attitude 
of the Imperial Academy and its influence on the 
National Research Council. It seemed to be the 
general consensus that, although most of the 
members of the Academy had made real con- 
tributions in the past, they were now all too old 
to be capable of real activity and prevented the 
younger scientists from expressing their opinions. 
These were only opinions from individuals, how- 
ever, and the Liaison Groups would give no formal 
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opinion, since they did not consider themselves 
a representative enough group to make a formal 
plan. At that time there was talk of a possible peace 
treaty, and the Groups probably were afraid of 
losing the support of the occupation. 

During this same period two other develop- 
ments took place. A bill was successfully engi- 
neered through the Japanese Diet for the reor- 
ganization of science and the concentration of its 
direction and control. Because the bill would 
emphasize the faults of the existing bodies and 
because this surprise move met so much opposition 
from the Liaison Groups and the occupation, it 
was disapproved. Somewhat later, the Imperial 
Academy approved an occupation plan for abolish- 
ing the National Research Council and placing 
most of its functions under the Japanese Associa- 
tion for the Advancement of Science. This also 
came as a surprise to everyone, for the Research 
Council appeared to be the most effective of the 
three organizations, and the plan had been ap- 
proved in complete ignorance of most of the mem- 
bers of the Council and the Liaison Groups. The 
Academy in turn appeared surprised, for it under- 
stood from occupation authorities that reorganiza- 
tion plans were to be initiated and formulated by 
the Japanese themselves. It is not known whether 
greater understanding was obtained from the reply 
that the original statement was correctly quoted, 
but that it was not certain that the Academy truly 
represented the Japanese scientists. 

As a result of this activity, the Liaison Groups, 
the Imperial Academy, the National Research 
Council, and the Ministry of Education were re- 
quested to form a representative body of scientists 
to formulate plans for the reorganization of the 
existing scientific bodies. The first step was the 
formation of Sewanin Kai, a kind of qualifying 
committee to pass on the qualifications of electors 
to a planning committee. 


NUMBER OF SCIENTISTS 





ENGINEER, AGRICUL- 
SCENCE ling | Ture 





TOTAL 











9043 | 2542 | 10229 | 25080 























Fig. 1. Statistics showing number of scientists and engi- 
neers in Japan. (From Ministry of Education Scientific 
Education Bureau, March 20, 1947.) 
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In the meantime, the U. S. National Academy ¢; 
Sciences was invited to send a small group ¢ 
Japan to advise the occupation authorities on th 
attitude they should take toward any plans pro. 
posed by the Japanese. This advisory group wa; 
present in Japan on the inauguration of the “Re 
newal Committee,” a kind of charter or planning 
group that was to make proposals for new nationa 
scientific organizations in Japan. Because of strong 
criticism from districts outside Tokyo, the ne) 
organization was to have geographical represen- 
tation as well as representation from differen 
scientific fields. Further, the new organizatio: 
was to reflect a more representative opinion 
Japanese scientists, to be adaptable enough to mee 
the technical problems facing Japan, and to hay 
its charter operate within the new Constitution 0; 
Japan. 



















THE RENEWAL COMMITTEE 





The qualifying committee chose the genera 

































plan of using an electorate composed of all scientific J)” 
societies having 500 or more members. Some fifty a 
of these societies existed. There were to be 108 tha 
members elected to the Planning Committee, or, as » 
the Japanese termed it, the “Renewal Committee. aPre 
Each of the seven traditional “faculties” of a full 7 1 
fledged university—law, economics, literature By ae 
engineering, agriculture, science, and medicine— HH 1a 

were to be represented by 15 members each. In R  ~ 
addition, 3 members were to represent the Society F me 
of the Science of History of Japan, the Democratic ™ 
Scientists’ Association, and the Association of : 
Democratic Scientists. ; te 
The scientists expressed deep interest and con- Ico 
cern in the method and outcome of the election off)” 
: ; .. [ee by 

the Renewal Committee. There were many dii- k 
ficulties in defining eligibility to vote, and shortage 7 wat 
of time, paper, and funds for stamps and envelope re 
to mail ballots. However, it was generally agree fh” 4 
that the selection of the Renewal Committee wa va 












































e Art 

GOVT. uNIvs q prol 

4791% Bof s 

Smit 

they = : be 

pve. uve. . mpecone —~y 3 com 

mCap: 

Blem: 

sou 

Con 

Fig. 2. Number of graduates from universities and inst: ¢ Ii 
tutes of Japan in 1946. Left, number of graduates classifi Re Con 
by type of institute; right, number of graduates classife H " 








Dro- 
» Was 


nning 
{onal 
trong 
ney 
"esen- 
erent 
ation 
yn of 
meet 
have 
ON 0! 


iture 
ine— 
h. In 
ciet) 
ratic 
nm ot 


con- 
on of 


tages 
Lopes 
yreed 
- Was 


ana io es MacRae 


ee oa 


SRPRic aint ue ee eRaIA BEN e450 


era a ato ae 


january 1949, Volume LX VIII 


Smade in the best way possible under the circum- 
Bstances. There were some criticisms of the out- 
come of the election. These were substantially as 
follows: (a) that the preponderance of represen- 
Station was from Tokyo Imperial University (just 
over half) ; (0) that the broader Tokyo area had 
Stoo many members (just over three fourths) ; and 
(c) that private universities had insufficient rep- 
S resentation (less than 10 members ). 
| Despite this outcome, however, the Renewal 
Committee represented a genuine break with tra- 


S dition. Of 108 members, only 6 came from the 


) Imperial Academy, only about one half from the 


: large National Research Council (12 of these be- 
' ing recently elected members ), and the average age 
Fis less than fifty years. It must also be said that 
preponderance of representation of the Tokyo 


igroup rested in some measure on relative quality 
hand not solely upon prestige and influence. 
The Renewal Committee keenly felt the criti- 


‘cisms and at one point considered dissolving 


Fitself because of them. It was finally concluded 


that sensitivity to this criticism was a good omen, 


tand the Committee was encouraged to tackle the 


i problem. 


The Renewal Committee was inaugurated on 
August 25, 1947, at the official residence of the 
/Prime Minister in the presence of the Prime 


Minister, the Japanese Cabinet, the Advisory 
Group from the United States National Academy, 
and the heads of the technical sections of General 
é Headquarters of the Supreme Commander for the 


)Allied Powers. The Prime Minister gave as- 
ysurance that the recommendations of the Renewal 


#Committee would receive a sympathetic hearing 


tby the Japanese government. The Advisory 
Group expressed confidence in the Renewal Com- 


) mittee, indicated the importance of its task, and 


signified that it considered the Renewal Committee 
the most representative that could be had under 
the circumstances. The members of General Mac- 
Arthur’s Headquarters gave assurance that the 
problem of reorganization of the national bodies 


§of science was the problem of the Renewal Com- 


mittee, and that the main interest of SCAP would 
be to see that recommended organizations were 
composed of a representative group of scientists, 
capable of attacking the pressing technical prob- 
lems facing Japan, and in so doing to preserve 
sound governmental procedure under the new 
Constitution in Japan. 

Immediately after its inauguration, the Renewal 
Committee began accepting plans for consider- 
ation from the Science, Engineering, Agriculture. 
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and Medical Liaison Groups, the Imperial Acad- 
emy, the National Council, private 
universities, and union groups. The Committee 
held eight formal meetings in addition to numerous 


Research 


meetings of subcommittees. During these meetings 
the proposals made by all interested groups were 
considered. The meetings were not attended by 
occupation personnel except on specific invitation 
to discuss a specific point. 

At the conclusion of the eighth general meeting, 
a draft of a bill for a new Science Council was 
prepared and suggestions for a technical advisory 
group to the cabinet, along with a report of the 
activities of the Renewal Committee, were pre- 
sented to the Prime Minister. 

The recommendation of the Renewal Committee 
for a new Science Council was passed by the Diet 
on July 5, 1948. The proposal for a governmental 
body called the Scientific and Technical Adminis- 
tration Commission was withheld for further con- 
sideration pending passage of the Science Council 


Bill. 
THE SCIENCE COUNCIL OF JAPAN 


The present National Research Council is to be 
dissolved, the Japanese Society for the Promotion 
of Science is to become solely a private and in- 
dependent body that can receive money from the 
government only for possible specific contracts. 
The Imperial Academy of Science is to become 
solely an honorary body whose membership shall 
be determined by the new Council. 

The Science Council will have 210 members, 
composed of 30 each from the seven traditional 
“sciences” of Japan. The members are to be chosen 
by free election by vote of the scientists of Japan. 

The qualifications for the voters appear quite 
liberal. Graduation from a university or college 
with three years’ postgraduate experience, or a 
letter of recommendation from one of the pro- 
fessional societies or from a reputable research 
institution are examples of qualifications required. 
The Renewal Committee estimates that with the 
criteria they have chosen, there will be approxi- 
mately 90,000 eligible voters. There is still some 
objection to the method of election, from groups 
with special interests. Their chief complaint ap- 
pears to be that their organizations are not prop- 
erly represented. The Renewal Committee, how- 
ever, insists that scientists who are members of 
these special groups will receive appropriate 
representation through the vote of the individual 
scientists. 

For the election, to be held every three years, 
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Japan is divided into seven districts, each district 
to have representatives in the seven fields of 
science ; this will give 49 members of the Council 
who will have been elected on a regional basis 
in order that geographic representation be ob- 
tained. The remaining 161 members are to be 
members at large elected by a nation-wide vote. 
The purpose of the latter is that the outstanding 
men of science can be elected and that they will not 
be handicapped because they live in a dense 
population of scientists. 

The functions of the Science Council of Japan 
are given in the Preamble and Chapters I and II 
of law No. 121 of 1948, which follow: 


The Science Council of Japan shall hereby be established, 
on the conviction that science provides the basis of a 
cultural country and with a view to fulfilling its mission 
of contributing by the joint will of the scientists throughout 
Japan to the peaceful rehabilitation of this country and 
promotion of the welfare of human society as well as to 
the advancement of science of the world, in cooperative 
relations with academic societies of foreign countries. 


Chapter I 
Establishment and Aim 


Article 1. The Science Council of Japan shall be estab- 
lished by this Law which shall be called the Science 
Council of Japan Law. 

All transactions of the Science Council of Japan with 
the Government shall be through the Prime Minister. 

Expenditures of the Science Council of Japan shall be 
defrayed from the National Treasury. 

Article 2. The Science Council of Japan shall aim at pro- 
moting the development of science and permeate it into 
administration, industry and the nation’s life as the repre- 
sentative organ, internal and international, of the sci- 
entists of this country. 


Chapter II 


Functions and Powers 


Article 3. The Science Council of Japan shall perform the 
following independently : 

a. To discuss important matters concerning science, 
and to make exertion for the realization thereof. 

b. To coordinate scientific researches for the enhance- 
ment of their efficiency. 

Article 4. The Government may seek the opinions of the 
Science Council of Japan on the following: 

a. Compilation of budget for and distribution of the 
government grants and subsidies in order to help sci- 
entific researches and experiments or to promote science 
in general. 

b. The policies on the compilation of budgets concern- 
ing the expenditures of the institutes, laboratories under 
the jurisdiction of Government, and of commissioned 
researches. 

c. Important measures particularly requiring delibera- 
tions by expert scientists. 

d. Other matters recognized as proper to be referred 
to the Science Council of Japan for deliberation, 

Article 5. The Science Council of Japan shall place itself 





THE SCIENTIFIC MONTHLY 





available to the Government for recommendations on the 
following : 

a. The schemes for promotion of science and advance- 
ment of technology. 

b. Measures for the utilization of the results of sci- 
entific researches. 

c. The schemes concerning the training of scientific 
researchers. 

d. Reflection of science on administration. 

e. Permeation of science into national life and indus. 
try. 

f. Other matters necessary for the fulfillment of the 
aims of the Science Council of Japan. 

Article 6. The Government on request from the Science 

Council of Japan may submit data or explanations or set 
forth their views. 


There are seven chapters in the law, but the 
first two are sufficient for present purposes. ‘The 
Renewal Committee would prefer that the Science 
Council be financially independent of the govern- 
ment, but under the present conditions in Japan 
this is impossible. 


THE SCIENTIFIC AND TECHNICAL 
ADMINISTRATION COM MISSION 


Although the Science Council is to be democrat- 
ically elected and is to represent all fields oi 
scientific activity and all regions of Japan, it is 
nonetheless elected by a restricted electorate and 
therefore cannot impose its will on the govern- 
ment. Its control must come from its prestige and 
intelligent advice. 

In order that the government can appropriately 
consider and implement the proposals of the Sci- 
ence Council, the Japanese Renewal Committee has 
recommended to the government that a Scientific 
and Technical Commission be set up in the Prime 
Minister’s office. 

The Commission is to be appointed by, and be 
under the jurisdiction of, the Prime Minister. The 
maximum number of members is to be twenty- 
four, at least half of whom shall be persons oi 
scholarly attainment and experience. In the ap- 
pointment of the latter class the recommendations 
of the Science Council shall be respected. 

The functions of the Commission are to deliber- 
ate and make recommendations on the following 
matters: 


a. Measures necessary for the administration of the re- 
ports or recommendations made by the Science Counc! 
of Japan. 

b. Selection of matters which are to be referred to the 
Science Council of Japan for consultation by the govern- 
ment. 

c. Method of execution of international enterprise con- 
cerning science and technology which should be carrie( 
out by the government. 
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d. Liaison and coordination of matters relative to science 
nd technology that are under the jurisdiction of the 
sovernment administrative agencies. 


A proposed bill for the establishment of the Com- 
mission is now (November 1948) under considera- 
tion by the Japanese Diet. 


Whe future holds great responsibility for Japa- 
hese scientists and engineers. With a large and 
Gncreasing population density, limited resources, 
nd higher labor costs than those of the old feu- 
alistic system, the Japanese technologists hope 
hey have a system, at least, which will allow them 
Ho assume their new responsibilities in a flexible 
nd effective manner. 

This survey has been an attempt to show at 
east the outward changes in the scientific struc- 
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ture during the occupation of Japan. It probably 
would be of greater interest—and difficulty—to 
describe the changes made in United States scien- 
tists who, because of the war, have a particular 
interest in Japan and Japanese scientists. Actions 
such as that of the United States National Acad- 
emy in sending two groups of its most eminent 
scientists to advise the Supreme Commander for 
the Allied Powers on scientific policies ; permission 
for translation and reproduction of articles from 
the journals of such organizations as the American 
Association for the Advancement of Science and 
the American Institute of Physics; and the invi- 
tation to Japanese scholars from such institutions 
as the Institute of Advanced Study, demonstrate 
that the scientists of the United States recognize 
their new international responsibilities. 


#2 


Books and periodicals published in “hard” currency countries like the United States may now be purchased by 
ersons living in “soft” currency countries through the medium of UNESCO book coupons. During the 1948-49 ex- 
erimental period, the coupons will be available only in China, Czechoslovakia, France, India, Poland, and the United 
ingdom and primarily to meet the needs of educational, scientific, and cultural institutions. There will be limited 


@ree distribution in Austria, China, Czechoslovaka, Greece, Hungary, Italy, the Philippines, and Poland. 


The coupons and an explanatory leaflet are now available from the National Distributing Body for UNESCO 


denominations of 25 cents to $10. 


Book Coupons in each country. The book, pamphlet, or periodical desired may be bought through a bookseller or 
@rectly from the publisher, but the exact price and other details should be determined in advance. The coupons come 


AMERICA’S MYTHICAL SNAKES 


CLIFFORD B. MOORE 


Mr. Moore has been director of the Trailside Museum, Springfield, Massachusetts, for 
the past eleven years. He is the author of Book of Wild Pets (Putnam’s, 1937) and of 


a forthcoming source book to be entitled “Myths and Superstitions in Zoology. 


OR choice items of folklore in great number 
and variety, the subject of snakes has every- 
thing to offer. Ever since the curse was offi- 

cially placed on serpents in the Garden of Eden, 
their reputation has suffered, and doubtful stories 
about them have increased to such an extent that 
a very large book indeed would be required to re- 
cord all the strange habits and remarkable abilities 
they are purported to possess, together with the 
inevitable eyewitness testimony. 

Probably foremost in the gallery of America’s 
mythical snakes is the serpent that is supposed to 
take its tail in its mouth and roll about like a hoop. 
This unique creature is said to have a poisonous 
sting in its tail, which is launched at its enemy 
from a rolling position. 

There appears to be no classical or European 
analogue of the American hoop-snake story. Our 
subject is first encountered in colonial days, and 
one naturalist of the period described a “water 
viper” he encountered as having a tail ending in a 
blunt, horny point about half an inch long. 


This harmless little Thing [he says] hath given a dread- 
ful Character to its Owner, attributing to him another 
Instrument of Destruction besides that he had before, im- 
posing a belief on the Credulous, that he is the terrible 
Horn-Snake. armed with Death at both Ends, tho’ in 
reality of equal Truth with that of the two-headed Am- 
phisboena ; yet we are told, that this fatal Horn by a Jerk 
of the Tail, not only mortally wounds Men and other 
Animals, but if by Chance struck into a young Tree whose 
Bark is more easily penetrable than in an old one, the Tree 
instantly withers, turns black and dies. 


In North Carolina the horn snake that could 
conveniently roll like a hoop was said to hiss like 
a goose and to kill its victims with its horny tail. 
Certain professed witnesses reported “that a small 
Locust-Tree, about the Thickness of a Man’s Arm, 
being struck by one of these Snakes, at Ten a 
clock in the Morning, then verdant and flourishing, 
at four in the Afternoon was dead, and the Leaves 
red and wither’d.” In Pennsylvania the death of a 
tree from horn-snake venom required twenty-four 
hours, in New Jersey two days. It was observed in 


” 


Virginia that the horn snake upon striking its tai 
into a musket butt could not disengage itself. 

Not all the good hoop-snake stories come fron 
colonial sources. The following somewhat modenf 
tall story, not meant to be taken literally, as th: 
colonial stories are, is based upon the funda 
mental premise that the hoop snake really exists 
I have heard it repeated with minor variations ©; 
with added color, depending on the section of th: 
country and the imagination of the individu 
narrator. 


A youth who lived in Oklahoma had a sweetheart on; 
ranch several hundred miles to the south, on the Ri 


Grande. Young women are few and far between in thi demi 


great open spaces of the Southwest—at least pretty girl 
like Nell. Our hero, who rode a bicycle and whose nam: 
was Tom, had a rich rival who sped over the wastelané: 
on a motorcycle. 

One day Tom was pedaling in the scrub country whe fq 
his rival sped by on his motorcycle. Before the latter dis. 
appeared in a cloud of dust, he tauntingly sang out tha R* 
he was headed for Nell’s to propose to her that very eve 
ning. Our hero turned his bike about forthwith and head 
for the Rio Grande too—with a wild hope that he mig! 
beat his rival (who could, of course, run out of gas man) 
miles from nowhere) and so be the first to propose to Ne 
An hour of hard pumping on the bicycle at top speed «' 
fifteen miles per hour convinced Tom he would never reac 
the Rio Grande before dark and that Nell, in all probe- 
bility, would be lost. As these thoughts gloomily crowde 
through his mind, there was a sharp report and a hiss ¢! 
air. A cactus spine had penetrated the front tire of th 
bike! 

Now thoroughly disconsolate, Tom abandoned his tw: 
wheeled conveyance and sought the shade of a near-t) 
yucca. As he conjured up dismal images of Nell and hi 
rival, he observed a pair of hoop snakes rolling about an 
playing tag with each other in the brush. Inspired, Tom 
ripped the rubber tires from his bicycle, captured the hoop 
snakes, mounted them on the wheels, and again pedaled 
south—to Nell and paradise! 

Being a bit thicker than the original tires, the hoo 
snakes rubbed against the frame of the bike as the 
wheels spun around. Quite naturally this irritated and ex 
cited the energetic serpents, so they increased the speed © 
Tom’s bicycle to 40 miles per hour. Suddenly running ove! 
the sharp spines of a horned toad (Phrynosoma cornutum, 
of course), half buried in the sand, the hoop snakes wet 
really shocked into action and in a wild and glorio 
burst of speed sent Tom and his bike forward at the ur 
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Bard-of speed of 250 miles per hour. Soon our hero ob- 
@rved his rival’s motorcycle some distance ahead and, 
® fraction of a minute, passed it in a cloud of dust. In 


nother half an hour the Rio Grande and Nell’s ranch 


me into view. 
It was by now quite impossible to control the speed of 


be infuriated hoopsters, and Tom saw he would have to 


sort to the spectacular if he didn’t want to visit the in- 


| rior of Mexico. With great presence of mind he steered 
@rectly under a grape arbor beside Nell’s front door and 


naged to reach up and catch the main trunk of the 


e ” in his hands. The snake-propelled vehicle continued 


uthward and in no time at all was in Mexico City. It 


; ok Tom a good five minutes to stop whirling round and 
Wound the grapevine stem, so great was the speed at 
Mehich he had caught it. On regaining his equilibrium he 


@omptly proposed to Nell, and, as in all true romances, 


Mihe two lovers lived happily ever after. 


f) Another hoop-snake story (which might well 
prove the end of all hoop-snake stories) comes 
fom Karl P. Schmidt: 


if thf A legendary boyhood friend of the distinguished Chi- 


go zoologist liked nothing better than rambling through 


‘the woods, and on one of these frequent strolls his atten- 


‘ion was drawn to a stately pine whose needles were be- 


ming brown and withered in death. Having observed this 


me tree in the full vigor of life only a few days before, 


He was naturally curious to learn the reason for its sudden 


‘ 


demise. Upon reaching the tree he was astounded to find 


large hoop snake with its poisonous caudal spine so 


rmly embedded in the trunk that the serpent could not 
‘Btricate itself. 
) His youthful heart filled with pity at the unfortunate 
popster’s predicament, and to prevent it from slowly 
@arving, our hero liberated the snake and went his way. 
‘The hoop snake was so grateful for this kindness that it 
Pllowed its benefactor wherever he went from that time 
@. Naturally, a busy farm lad could not devote much time 


capturing rodents and other animal food for his pet 


and constant companion: he therefore trained it to become 


vegetarian, with mashed potatoes as its principal food. 
This happy association of snake and boy persisted for 
bme months, but, alas, an unhappy event occurred! One 
ay as the snake was rolling rapidly downhill behind its 
oung master, tail in mouth, as is customary with all 
oop snakes, the serpent struck a stone, and the shock of 
he collision was such that its caudal spine scratched the 
bof of its mouth, causing it to bleed. Going completely 
ad at this sudden taste of its own blood, the hoop snake 
verted to its carnivorous diet and devoured itself tail- 
st, before the horrified boy’s very eyes. 


When we speak of the hoop snake, horn snake, 
r stinging snake, a single species, Farancia aba- 
ra, is implied. The circular position of the 
ake lying prone and engulfing its prey suggests 
“hoop ;” the tail spine suggests a “horn;” the 
arp end of the spine prodding the human hand 
ggests a deadly “stinger.” But here are the 
sential facts. No snake known to science is cap- 
ble of rolling like a hoop or of hurling itself 
odily against a tree. Besides, no snake is 


possessed of a caudal stinger. Certain insects and 
all scorpions have tail stingers, but snakes do not. 
The business and offensive end of a 
always its head and never its tail. 

Farancia is a large, brilliantly colored, harm- 
less serpent of the South. this 
prefers swamps, muddy areas, and the edges of 
ponds, it has been given the common name of 
“mud snake.” The hard, hornlike tail spine pro- 
vided by nature is believed by the layman to be 
a “stinger,” and in certain parts of the South 
the stinging snake is more feared than the rattle- 
snake or the cottonmouth moccasin. 

Various suggestions have been offered to help 
explain the function of the tail spine, but none 
of these has been based upon extended observation. 
Since many specimens prod the hand with the tail 
spine (young specimens with sharp spines some- 
times draw blood), the idea has developed that the 
snake is simply protecting itself. Another sug- 
gestion is that the tail spine is driven into the 
ground when the snake is struggling with Am- 
phiuma or dragging this amphibian prey out of 
a hole. One writer states that “it probably 
functions during burrowing.” George P. Meade, 
a leading authority on Farancia, has witnessed no 
such actions as the foregoing, although he has 
kept and studied the snake in question over long 
periods of time. 

It is always a source of surprise to those who 
examine a mature horn snake to discover that the 
famed horn, or sting, is actually no sharper than 
a blunt pencil point although, of course, that of 
smaller individuals is generally sharp. This dif- 
ference appears to be significant, since Meade and 
others have repeatedly observed that the younger 
individuals utilize the sharp spine as a 


snake iS 


Jecause snake 


goad when the amphibian prey bites and holds onto the 
snake. Under these circumstances, particularly when seized 
near the head, the snake stabs the victim so sharply with 
the spine as to cause it to release its hold. Blood is fre- 
quently drawn, and long, deep scratches are inflicted on 
the soft body of the amphibian. 

It is generally agreed among herpetologists that 
the hoop-snake myth is almost invariably identi- 
fied with the mud snake, and it is likewise felt 
that the possession of the tail spine is in some way 
related to the hoop snake. A possible explanation 
in the mind of Ditmars is the “habit of Farancia 
of occasionally lying in a loose coil . . . almost 
forming a circle” and having the appearance of 
“a discarded bicycle tire.” But, as Meade points 
out, a much more definite basis for the hoop-snake 
story may be seen while Farancia feeds upon 
Amphiuma. The larger and mature snakes have 
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a tendency to rotate on their longitudinal axis 
as they grasp either head or tail of their victim 
and start to swallow it. 


Wherever members of the widely distributed 
whip snake (Coluber) group are to be found, there 
is likewise to be found the story that these ser- 
pents are addicted to the infamous practice of 
wrapping themselves about people and thrashing 
them. In certain versions of the story the human 
victim is said to have been whipped to death! 

Whipping or flagellation by snakes is a physi- 
cal impossibility, and, furthermore, whip snakes 
are not constrictors, and they cannot hold people 
prisoners. It is true that the form and coloration 
of the scales on the tail of the snake, particularly 
the Eastern coachwhip, do suggest the appearance 
of a braided whip, from which it derives its 
common name. But the real basis for the whip- 
snake belief lies without doubt in the serpent’s 
defensive behavior when confronted by a member 
of the human race. Thus, when cornered and 
molested, when prodded with a long stick, this 
snake with a characteristic display of bravado 
elevates its tail to an upright position and 
nervously vibrates it like its close relative, the 
blacksnake racer. Captive specimens, when held 
by the neck, almost invariably shake the body 
violently. The illusion is then complete. 

Lawson, in his work A New Voyage to Carolina 
(London: 1709), describes a whip snake thrash- 
ing a rattlesnake. The only element of truth in 
the account is the fact that whip snakes do oc- 
casionally attack and devour rattlesnakes: but 
there is no thrashing or whipping in the process. 

The whip snakes, in common with the racers, 
are members of what is probably the fastest- 
moving genus of snakes in existence. As told in 
the legend that has developed around the whip- 
snake group, a person must run extraordinarily 
fast and according to Olympic standards if he is 
to escape being caught and whipped. Why the 
whip snake desires to torment human beings, and 
what happens to them upon death, has never been 
made clear in the mythology of the subject. Certain 
it is that adult-sized whip snakes measuring 
3.54 feet in length and no larger in circumference 
than a woman’s wrist, could not devour a human 
being, and no authentic instances have been re- 
corded of alleged lethal attacks. 

Some of the stories about the whip-snake draw 
largely for their color upon the details of the chase, 
of assuming that the serpent has a disposition to 
relentlessly pursue the object of his quarry. A. C. 
Stimson claims, in an article that appeared in the 
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Antivenin Bulletin, to have been followed by 
whip snake. 


It is true [he writes] that a Coach Whip will, on p, 
occasions, follow an unaccustomed sight—for instance 
was followed for probably a quarter of a mile by any 
usually large snake of this species. This happened jp 
small prairie that was surrounded for a radius of aby. 
a mile with a semi-tropical thicket. I noticed the snaj 
just as I left the foliage. With his head, which ang 
about ninety degrees from his neck, reared about two j 
from the ground he was calmly watching my every moti: 
When our respective curiosity was satisfied, I continy | 
my tramp. After a few hundred feet I paused for sop 
trivial reason and was surprised to see what I then thoug! 
was another snake in the same identical posture as th 
other one which I had just left. While it is nothing yer 
uncommon to run across a Coach Whip on the Tex! | 
prairie, I had never before seen two such large ones in; 
short a distance. This time I took a few steps in its ¢ 
rection, and with the speed of a rabbit and the smoothne 
of running water it poured itself into a scrubby bunch 
myrtle, but only when I had approached to within a 
feet. 

I then walked toward my destination, but watched ba 
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nd | 
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for the snake to again erect itself. Imagine my surprise: tl 
see, instead, the grasses (about a foot high) being di} Bina 
turbed with that waving motion that only a snake in rap} 

transit can make, and that disturbance headed direct pyn 
toward me. I then knew that I was being chased, by th Th 
terrible lash which, according to tradition, would so: DWE 
overtake me, wrap itself about my body and thrash n vari 
with its tail until I died in terrible agony; and that, stif bar 


upholding tradition, I should try my utmost to reach t 


ue 
nearest tree for salvation. ... 


tiv 

The popular notion that snakes can outdistanc§ Gark, 
human beings on open ground (which would inf fhat 
clude prairies) has been disproved by herpeto-f @ege: 
ogists. In controlled trials, Dr. Walter Mosaue§ §sele 
found the fastest speed by any of his subjects ti} Plete 
be 3.6 miles per hour. The speediest subject waif jnoti 
of course, a member of the Coluber group, whicif $las: 
includes the so-called racers. Feset 

Certain snakes of the Old World have long bee: }atic 
credited with guiding other snakes away fronf jy ti 
danger, and it is reasonable to assume that earl ppen 
settlers in America were quick to transfer thie 
































SI 
imaginary ability to our native snakes. At any rate pow: 
the pilot blacksnake (Elaphe obsoleta obsoleta) if 1 
our most famous snake pilot, and, since it inhabits} §yurf. 
the same rocky hillsides and ledges as the bande‘R ne 
rattlesnake and copperhead, it has been given the V 
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distinction of piloting these venomous serpent: 
away from danger—hence its common name. The 
pilot backsnake, also called the mountain black: 
snake, is frequently confused with the commor 
blacksnake (Coluber constrictor constrictor) , from 
which it differs in possessing keeled scales and 
highly polished appearance ; in the true blacksnakt 
the scales are smooth and have a satiny luster. The 
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ad by blacksnake, moreover, is a powerful con- 
, ictor, whereas the common blacksnake, despite 
scientific name, has no constricting ability. 
eae jong the venomous snakes, the copperhead 
y any gepopularly supposed to have guiding or piloting 
ned ip slities and is said to serve the rattlesnake in 
of aby @™ch a capacity. Thus, the belief goes, whenever 
he sna We sces a copperhead, a rattlesnake may appear 
1 aes BB its trail. | | 
moto! moome of the most bizarre and curious snake 
ontiny: qpries center around those creatures of retiring 
or som Wd secretive habits. This is only natural. In the 
thoug Wise of the “glass,” or “joint,” snake we have, in 
nee We popular mind, a serpent which, like no other 
. Tex! gpimal, has the ability to break up its body into 
es inz| @pall pieces, reassemble itself at its convenience, 
| its | @hd resume a normal existence. 
othns| WF From a colonial traveler and writer we learn 
a bat the brimstone snakes of North Carolina, 
‘| Being brittle as glass, were easily broken; but, 
-d bail @ecording to a North Carolina doctor, “several 
prise t these parts confidently affirm, that if they 
ng df Wmain in the same place untouch’d, they will 
od @yn together again.” 
by tf ™ Lhe traditional American glass snake is not, 
1 sof Mowever, a true snake but rather the legless 
sh mf Bard Ophisaurus ventralis. This insect-eating 
t, stl @ard of the family Anguidae, no longer possesses 
ch Oh Bue functioning legs since, owing to its burrowing 
Activities in loose soil and under decaying tree 
tanc§ @ark, it has no further use for them. It is a fact 
d inf fhat the legs of numerous burrowing lizards have 
eto'f Pegenerated to the point where they are merely 
auc @seless flaps of skin lying along the body, com- 





ts toe 






letely incapable of aiding the creature in loco- 
Was § fotion—or they have disappeared altogether. The 
hic Blass snake, or lizard, does bear certain superficial 













Fesemblances to a true snake, but upon close exami- 
beet ation it can be readily distinguished from a snake 
‘roth ty the presence of well-developed eyelids and ear 
‘atl Bpenings. In lieu of the broad crawling scutes of 
thi snake, the abdomen is provided with many 
‘até Fows of smooth and overlapping scales, which are 












) ' bf no practical value in locomotion. The upper 
" urface of the body is of a glassy smoothness, as 
ided 





ne of the lizard’s common names suggests. 
When pursued by an enemy such as a king 
make or some mammal, the lizard attempts to 
Mlip away. But, since its enemy can travel much 
Master, the lizard would be in great danger of 
being captured and killed save for an apparently 
ise provision of nature. Thus, when the pursu- 
ng king snake overtakes its prey, the lizard can, 
ith a sudden twist, cause its tail to snap com- 
pletely off at a special breakage plane. Sometimes 
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the fragile appendage will, upon a light blow or 
two, shatter into several pieces. Fortunately for 
the lizard, the muscle bundles near the base of 
its tail are so arranged that they expand and 
close the arteries, preventing loss of blood. The 
tail or sections of the tail have a very active 
reflex motion, which causes them to twist and 
wriggle with great energy for a short time after 
breakage, and these are much more conspicuous 
than the lizard’s body. The king snake is thus 
preoccupied with the wriggling tail in its mouth— 
so much so that the lizard makes an inconspicuous 
and successful escape. The king snake, upon re- 
leasing the tail from its mouth momentarily, in 
order to secure a more convenient head-first 
position of its victim for swallowing, suddenly 
discovers that this “victim” has no head and vital 
organs. Searching about for the head and re- 
mainder of the body, it can find neither. 

The lizard will very soon grow a new, though 
perhaps shorter, tail, but it is not true that pieces 
of the cast-off caudal appendage will join together 
again. The new tail never has the same shape or 
color as the original one, nor are the scales as 
even as in the old one. Of all its body structures or 
organs, the glass lizard can regenerate only its 
tail, which comprises about two thirds of its body. 
Consequently, if the shorter but vital part of the 
body is severed, all life will cease. The loss of a 
tail is rarely fatal to any reptile, and many other 


_ kinds of lizards besides the glass species have 


the same ability of regenerating the lost part. 
Other kinds of animals, including the crayfish 
and starfish, can part with appendages or less 
vital organs and grow replacements. 


It seems to be common knowledge that the 
thief among snakes is the milk snake. Two con- 
comitant elements enter into the main fabric of 
the story about this much-slandered creature, 
and both of these arise from erroneous inferences 
that have been drawn to explain the simple be- 
havior of a most useful and misunderstood ser- 
pent. In the first place, there is the fact that cows 
on occasion give a decreased milk output, or they 
may go entirely dry. Second, certain snakes of 
the species Lampropeltis triangulum are some- 
times observed frequenting barns or pastures in 
close proximity to cows. Moreover, the snakes 
have been seen on certain rare occasions drink- 
ing milk from a saucer which hau been set out for 
the cat. The farmer now enters the picture: not 
being able to assign a good reason for his cows 
going dry, he blames the snake. 

People generally react in one of two ways when 
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they meet a snake. If it is reasonably small and 
seeks escape, they may try to kill it with a con- 
venient club or stone. If it is large, they flee its 
presence. The milk snake, being a reasonably small 
serpent, is often killed when it unfortunately gets 
in the way of mankind, and, like so many snakes 
that fall the victim of club and stone, its body is 
somewhat mutilated in the process. Were such 
a mutilated snake a gravid individual, the crushed 
eggs, as one herpetologist suggests, would give 
forth a milklike fluid, and this might be construed 
as confirmatory evidence for the belief in the 
snake’s peculiar ability to milk cows. 

There are, however, some very serious objec- 
tions to the idea that Lampropeltis milks cows. 
The “eyewitness” accounts of snakes in the act 
of milking almost invariably have an evidential 
defect (common in a number of snake stories )— 
they relate an event long past. One distinguished 
herpetologist, Clifford H. Pope, has said in his 
work Snakes Alive that 


when a farmer insists that his sixteen-quart cow has 
fallen off a quart a day because of the theft of her milk 
by a 30-inch snake, he is accusing the snake of consuming 
about eight times its own volume of food every twenty- 
four hours! This is easily proved by measuring the amount 
of liquid displaced by a 30-inch milk snake, a very simple 
experiment. . . . The volume of a large 37-inch snake of 
this species it only half a pint. Snakes are well known to 
eat big meals but not that big! Here are a few other rea- 
sons why a milk snake could not perform such a feat: 

Unless it carried its own milking stool, it could not 
reach the cow’s udder. If wrapped tightly around the 
cow’s leg near her udder the snake would obviously be 
unable to force much milk into its body. 

There are no sucking muscles in its throat that would 
enable it to get the milk out, for milking a cow is no 
simple task, as every milker knows. Nor are there any 
valves or sphincters in its throat to keep the milk in under 
pressure of the distended stomach, body-wall, and skin. 

The six rows of sharp teeth in its mouth would not tend 
to soothe the cow; on the contrary the pain would drive 
her frantic. 


The presence of the milk snake in the vicinity 
of barns, farmyards, and pasture lands is due for 
the most part to its being attracted to such places 
by mice and young rats, which are its natural 
food. One biologist, H. A. Surface, analyzed the 
stomach contents of 42 specimens of Lampropeltis 
from Pennsylvania and found that field mice 
comprised 72 percent of the food. As every 
farmer realizes, it is field mice that raise havoc 
with the grain supply. 

The milk-snake story, variously modified in 
many parts of the world, is nowhere so grotesque 
as in Brazil. There it is believed that the snake 
secures its milk supply, not from cattle, but from 
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human beings. According to this legend, the sna\| 
which frequents the huts of the Indians in {J 
night, interrupts the feeding of the baby wt 
the mother sleeps, inserting its tail into the chil; 
mouth in order to soothe it. 

Certain writers in the field of natural scien 
in denying the truth of the milk-sucking habit ; 
milk snakes, have stated categorically that snake 
do not drink milk, and they have cited instang 
of the snakes refusing to take such liquid nouris 
ment. This is not entirely true. Many snakes ; 
drink milk if it is provided for them, and, mor 
over, it is a common practice in India for m 
to be placed in saucers in some zoological par 
in place of water, this to ensure the snakes’ obtai 
ing nourishment when they refuse other food. 

Another mythical serpent, confined to the rur 
scene, is the horsehair snake. In its adult stag: 
the worm Paragordius varius is long, extreme 
slender, and unsegmented (in distinction to th 
earthworm). Its occasional appearance in anin 
drinking troughs, especially those of horses, ar 
its vague resemblance in form to a horse hia: 
that may float on the same drinking water, hay 
given it a misleading appellation, “horseha: 
snake.” However, in the animal kingdom, th 
worm is many phyla below, and it is far remove: 
from the phylum Chordata, to which snake 
belong. 

Paragordius deposits its eggs in long string 
in any convenient shallow pond, pool, or receptac: 
of water. The larvae penetrate the bodies of your 
mayflies and other kinds of aquatic insect 
they later escape from their hosts and seek ox 
second hosts, generally beetles, crickets, or grass 
hoppers. In the body cavity of the second hos 
the larvae continue their development, eventual) 
emerging and seeking water, in which they le 
come sexually mature worms. 

It would appear to be an easy and logical ste; 
in the minds of many people unfamiliar with th 
animal kingdom and natural biological processe: 
to assume that when a hair is swallowed, a lit 
worm or snake develops from it inside the stomac! 
or intestines. Tapeworms and other visible ant 
smaller human parasites are responsible for thi 
old and venerable item of zoological folklore. Thu: 








by association, a hair which was once a part 0 
a live animal becomes alive again, only in a di 
ferent form. 

Some people believe that one may swallow : 
young snake while drinking spring, well, or eve! 
tap water. Accordingly, the ingested serpent 
said to live and to develop into an adult specimet 
of its kind inside the human stomach or intestine: 
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his notion undoubtedly gained new adherents a 
w years ago in the Borough of the Bronx, New 
ork, when numerous varieties of plankton and 
her fresh-water organisms were observed in 
e unfiltererd drinking water following the open- 
hg of a new source of water supply from upstate 
ew York. 

The late Clifton Johnson, in his authentic col- 
ction, What They Say in New England, re- 
rted the story 


at once there was a certain child that took large quan- 
ties of food, in particular a great deal of milk, yet be- 
ame more and more emaciated. One night when the child 
as sitting at the table with a bowl of milk before it, of 
hich it had not eaten, a great snake put its head out of 
e child’s mouth. Apparently it was hungry, had scented 
ilk, and came up out of the child’s mouth to get it. 
he child’s father was by, and he grabbed the snake by 
e neck, and pulled it out. It was four feet long. 


Dr. Morris Fishbein, editor of the Journal of 
1e American Medical Association, has pointed 
ut that because someone once saw an X-ray 
icture of a stomach tube in the human stomach, 
he idea grew that it would be possible for a person 


Wo swallow a snake egg and to have it develop in 


he stomach. This illuminating detail brought out 
by Dr. Fishbein might well be termed a recrudes- 
ence of our hair-to-snake myth but with machine- 
ge applications. 

A very curious snake, whose existence is com- 
ionly brought to the attention of zoo and natural- 
istory museum curators, is the Northern water 
roccasin. If the uninformed person happens to 


@e swimming in the waters of Lake Champlain, 


Yew York, Sebago Lake, Maine, or any other 
orthern body of water for that matter, and if 
e inadvertently steps upon a crayfish or bullhead 





@nd receives a response therefrom, or if he sees 
#1 eel or a banded water snake swimming in its 





iatural habitat nearby—then such a creature 
lust be the poisonous and _ ill-reputed water 
moccasin. It is entirely possible too that leeches, 
vhich elongate their bodies while swimming, as 
ell as numerous kinds of harmless snakes that 
becasionally swim across bodies of water, are 
onfused with water moccasins. 

The actual range of the venomous water moc- 
asin includes the Dismal Swamp, Virginia, to 
Florida and the Gulf States, and Arkansas to 
The dreaded water moccasin of our 
Northern states all too often turns out to be the 
anded water snake (Natrix sipedon), erroneousl y 
alled the “water rattle” and “water pilot” in 
ertain localities. This nonvenomous serpent 


frequents the shores of ponds and streams, is a 








good swimmer, and feeds upon frogs and sluggish 
fish. It does not molest human beings unless 
molested by them. 

All green snakes are held to be poisonous. They 
are supposed to be filled with a green venom, 
which the green color of their bodies suggests. 
But the fact is this: venomous green snakes do 
make their home in the tropics but there are none 
in North America. It can be said that such a 
superficial distinction as color is never an in- 
dication of a snake’s venomous character any more 
than is the shape of the snake’s body or head. 
The real reason a green snake is green is probably 
that nature intended this animal to blend in with 
its grassy surroundings and so escape detection 
by certain of its natural enemies or its potential 
prey. 

Our smooth green, or grass, snake (Opheodrys 
vernalis) is remarkably gentle and inoffensive, 
and it is almost impossible to induce it to bite 
when handled. One professional snake-swallower 
of my acquaintance prefers snakes of the green 
and ring-neck species in performing his act since, 
as he maintains, these are not “nasty” like the 
garter snake and other kinds. 

Inasmuch as our green snakes are probably 
the most characteristic grass-inhabiting serpents, 
they are eligible candidates for the term, in its 
literal sense, of “snake in the grass.” But, un- 
fortunately for these inoffensive little serpents, 
and very unjustly too, “snake in the grass,” as 
applied to certain members of the human race, 
has come to mean that these people have a rep 
utation for underhanded and surreptitious acts. 


No gallery of American mythical snakes would 
be complete without mention of the celebrated 
blow snake, sometimes known as the “hissing 
snake,” “blowing viper,” “spreading adder,’or 
“puff adder.” This is none other than the common 
hog-nosed snake (Heterodon contortrix), whose 
antics, in times of danger, have given it a notori- 
ously bad reputation. Numerous stories are to be 
heard of the way in which this harmless serpent 
blows its poisonous breath or spits venom from 
a distance into the innocent observer’s face, thereby 
producing burns, blindness, infection, or con- 
vulsions. Even though the ‘majority of these 
stories are related secondhand, there seems to be 
no dearth of actual eyewitness “evidence” of such 
personal encounters, with consequent poisonings. 

Since the hog-nosed snake is fairly common in 
sandy locations, where it preys upon toads, it is 
not a difficult matter to check on its bad reputation 
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and to obtain actual observations on its behavior. 
When first approached, the hog-nosed snake 
flattens its head and neck, inflates its lung, and 
then exhales, hissing loudly. To make its display 
of ferocity even more effective, the snake elevates 
the forward third of its body from the ground. All 
this tends to give it a formidable and threatening 
appearance, even more so than that of any Indian 
cobra of corresponding size. If the intruder does 
not quickly retreat from the presence of the bluff- 
ing serpent, it may pretend to strike, with con- 
tinued hissing, but with closed mouth. In fact, one 
cannot induce this snake to bite at any time. Pro- 
vided the intruder is intimidated and departs 
the scene, the snake quickly deflates and either 
seeks a place of security or resumes its normal 
activities. 

The stories about the poisonous breath of the 
hog-nosed snake are pure fiction, for its breath 
has no effect on eyes, nose, or skin. If the snake is 
picked up with a stick or held in the hand, a 
pungent and disagreeable secretion may be emitted 
from the anal scent glands, and, to an already 
frightened or doubtful person, this odor may be 
strongly suggestive of a poisonous breath. 

If a snake of this species is further molested, 
and especially if it is abused or injured, or if 
its first hissing and puffing antics fail to intimidate, 
it resorts to a second bluff, that of the death feint, 
or playing possum. Here the snake writhes and 
squirms convulsively with mouth wide open and as 
if in mortal agony. Then it rolls over on its back, 
the head is rubbed in the dust, there are a few 
convulsive movements, and finally all movement 
ceases. To all outward appearances the snake is 
dead, and it may be moved about or carried on 
a stick while remaining inert and playing dead. 
If placed on the ground rightside-up, it will 
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promptly roll over again on its back, thus giyiy 
itself away. According to this creature’s instinctig 
behavior pattern, it appears that in order to see, 
thoroughly dead a snake should be lying on ; 
back. When danger appears past, the snake twig 
and raises its head slightly; if the coast seer 
clear, our bluffer turns over and crawls away, 
Included in the fanciful category of snakes ty . 
hiss, blow, or spit poison, are the ones mention 
by Father Charlevoix, the eighteenth-century Jesy 
missionary and traveler. Near Detroit, he relate} 
there existed two rattlesnake islands in who 
vicinity the very air was infected. Another coloni: 
traveler learned that certain islands at the we 
end of Lake Erie were overrun with a specie 
of small, speckled snake about 18 inches lox 
which hissed poison into the atmosphere: 
When any thing approaches, it flattens itself in a m 
ment; and its spots, which are of various dyes, becor 
visibly brighter through rage: at the same time it bloy 
from its mouth with great force a subtile wind, that; 
reported to be a nauseous smell; and if drawn in with th 
breath of the unwary traveller, will infallibly bring ong J 
decline, that in a few months must prove mortal, the! 
being no remedy yet discovered that can counteract i 
baneful influence. 
Real blow snakes do exist, but not in Americ: 
These include several common cobras and cob: 
allies. The specialization in question is undoubted 
for the purpose of repelling antelopes and equa 
dangerous, though unwitting, foes. The vel 
ranging cobras of Africa learned to expel the 
venom in a fine spray for considerable distan 
and with a fairly good aim at the eye. The pois 
is not caustic and the skin remains unaffect: 
prey cannot be secured by this means, but 
moist eye allows so rapid an absorption that shar 
pain and subsequent brief photophobia imme¢ 
ately result from the venom contact. 
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URING the last five years a bewildering 
array of new insecticides has appeared on the 
irket. The prospective user of these products 1s 
@iused by conflicting statements made by their 
pmoters. Each product is claimed to be more 
tent than DDT as an insect killer, and at the 
1e time it is heralded as harmless to man. What 
® the merits of these new materials? 
| The new insecticides that have attained commer- 
tal recognition are the chlorinated compounds 
¥T and its methoxy analog, TDE [1,1-dichloro- 
@-bis(p-chlorophenyl)ethane]; benzene lhexa- 
loride; chlordane; chlorinated camphene ;1,1- 
8 ( /-chloropheny]) ethanol ; bis ( p-chlorophenoxy ) 
Methane; and the phosphorus compounds hexa- 
yl tetraphosphate, tetraethyl pyrophosphate, and 
ferathion. 
Of the chlorinated organic insecticides DDT is 
t best known; everyone has heard of it, in fact. 
ring the war the armed services used millions 
pounds of DDT in controlling the body louse, 
es, Mosquitoes, bedbugs, and cockroaches. At the 
bse of the war DDT was made available to ci- 
@ans, and large quantities of it have been used for 


Mlrimotored Ford airplane sprays DDT in Idaho 


buntain forests for the control of the Douglas fir tussock 
pth. Airplanes now carry huge loads of liquid insect- 
les. Sprayed over great acreages in minute amounts, 
se control insects in extensive or otherwise inaccessible 
as. (USDA photograph.) 
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SCIENCE ON THE MARCH 


INSECTICIDES 


the control of the codling moth, Japanese beetle, 
gypsy moth, pink bollworm, white-fringed beetle, 
potato flea beetle, and numerous other insects. 

DDT, Ci4H¢»Cl;, was first synthesized by a Ger- 
man student in 1874, but no use was found for it 
until 1939, when a Swiss chemist, seeking a sub- 
stitute for lead arsenate, found it to be poisonous 
to the Colorado potato beetle. It is made from 
chloral (the active ingredient of knockout drops) 
and chlorobenzene (a coal-tar product) and con- 
tains 50 percent of chlorine. In 1947 the production 
of DDT in the United States amounted to 50,000,- 
000 pounds. Originally it sold for $1.60 a pound, 
but the wholesale price recently tumbled to 29 
cents a pound. 

DDT is a white powder with a slight fruity odor. 
It is insoluble in water but soluble in kerosene, 
oils, and most organic solvents. It can be used as a 
dust mixed with talc or other diluent or as a spray 
suspended or emulsified in water or in solution in 
kerosene, fuel oil, xylene, or other solvent. It can 
also be used in aerosol bombs, dissolved in a mix- 
ture of solvents, one of which, dichlorodifluoro- 
methane (Freon-12), has a sufficiently high vapor 
pressure at ordinary temperatures to expel the 
contents of the bomb when the valve is opened. 

For combating the body louse, the dreaded 
carrier of typhus, the soldiers dusted themselves 
with a powder containing 10 percent of DDT. 
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During the war bedbugs were controlled by spray- 
ing mattresses and beds with a 5 percent solution 
of DDT in kerosene. Mosquito larvae were killed 
by a fuel-oil solution of DDT distributed by air- 
plane over marshes. Underwear was proofed 
against body lice by washing in a xylene emulsion 
of DDT. For agricultural use DDT is generally 
applied as a suitably diluted dust or in water 
suspension as a spray. 

The great value of DDT as an insecticide lies 
in its residual action. DDT is not volatile and not 
soluble in water. This means that, when sprayed 
on apples, for example, it does not evaporate and 
is not washed off by rain but remains as a toxic 
coating giving protection against insect attack. 

The toxicity of DDT to man and domestic 
animals is low. DDT dust is not irritating to the 
skin, and millions of pounds have been applied to 
fruits and vegetables without harm to the con- 
sumer, Pharmacologists warn, however, that, 
despite the fact that DDT has been studied for at 
least five years, there is still need for more in- 
formation before a complete appraisal can be 
made of the hazards involved in its use. 

Chlorinated insecticides closely related to DDT 
are its methoxy analog, C,sH,;Cl;O2 (31 percent 
chlorine), and TDE, CisHioCl, (44 percent 
chlorine). These materials are less toxic than 
DDT to warm-blooded animals, but they are also 
less toxic to most insects. The acute oral toxicity to 
rats of the methoxy analog of DDT is 1/24 that 
of DDT; that of TDE, 1/10. It should be re- 
membered that acute toxicity bears no relation 
to chronic toxicity. The methoxy analog of DDT 
is a kidney poison, and TDE, in addition to be- 
ing a liver toxicant, appears to have a special 
predilection for the adrenal glands. 

Benzene hexachloride is another old compound 
only recently found to have value as an insecticide. 
It was first made in 1828 by Michael Faraday, but 
was not tested as an insect poison until 1941 in 
France. At about the same time the English began 
experimenting with it and discovered that it was 
highly toxic to many injurious insects. In England 
it has been called 666 and Gammexane. 

Benzene hexachloride, C;H¢Cl., prepared by 
adding chlorine to benzene, contains 73 percent 
of chlorine. It is easily made, and the raw materials 
are abundant and cheap. In tests in this country 
it has proved effective against lice and ticks on 
livestock, the boll weevil, grasshoppers, and wire- 
worms in soil. Although superior to DDT for these 
uses, it lacks the residual action of DDT. This 
chemical has a strong, persistent odor, which is 
picked up and retained by many fruits and vegeta- 
bles, and this fact may greatly limit its field of 
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usefulness. In New Jersey last year many potate 
were made unfit for human consumption becay; 
too much benzene hexachloride had been ad& 


to the soil to kill wireworms. The gamma isomefg 


of benzene hexachloride, which accounts for th 
insecticidal value of the technical material, };, 
twice the acute oral toxicity of DDT when fed; 
rats. It is a liver poison. 

Chlordane, C,>H¢Cls, containing 69 percent ; 
chlorine, is an American development and is no 
manufactured by two companies in this countr 
It is several times as toxic as DDT to house fie 
and cockroaches, but lacks the long-lasting, » 
residual, property of DDT. It has come into « 
tensive use by pest-control operators and is e 
ployed on a large scale for grasshopper contro 
Other insects susceptible to chlordane include an 
chiggers, ticks, fleas, mosquitoes, the boll weey: 
the plum curculio, and the squash bug. The acu 
oral toxicity of chlordane to rats is one half the 
of DDT. 

Chlorinated camphene, CioHioCls, is made | 
chlorinating camphene, which in turn is mat 
from pinene, a constituent of turpentine. |i 
chlorine content is 68.5 percent. This insecticit 
appears especially promising for the control ¢ 
insect pests of cotton. Its acute oral toxicity t 
rats is four times that of DDT. 

1,1-Bis(p-chloropheny]) ethanol, or C,,H,,OC. 
contains 26.5 percent of chlorine. It may be r 
garded as a combination of chlorobenzene (use 
in making DDT) and ethyl alcohol. It has give 
promising results against mites, especially in app: 
orchards in the Pacific Northwest. 

Bis(p-chlorophenoxy ) methane, or C1;H1 OC, 
contains 26.3 percent of chlorine. It is relate 
to DDT and also to 2,4-D, the famous wee 
killer. It has given good results in the contr 
of the citrus red mite, a serious pest of lemon 
and oranges in California. 

Little is known of the pharmacology of || 





bis(p-chlorophenyl)ethanol and 
phenoxy )methane. They should be handled wi 


caution, and spray residues should not be le 
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The other class of new insecticides, the pho: : 


phorus compounds, has shown amazing toxicit 
No one would have suspected that these orgam! 


phosphates would prove so poisonous. Uniortu 


nately, they are highly poisonous to man as we 
as to injurious insects. 
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The story of these organic phosphorus cot! ; 


pounds is a romantic one. About twenty years ag! 
the Germans started research to develop new at! 
more powerful war gases. Hundreds of compount 
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ual 


@e synthesized and tested on laboratory animals. 


ey were also tested on cockroaches, flies, and 
er insects to determine their possible value as 
ecticides. In this way there was developed 
aethyl tetraphosphate, which proved very 
ic to plant lice and was used by the Germans, 

formulation called Bladan, as a substitute for 


chemists to Germany to interview 


%rinan chemists and to uncover German chemical 


rets. In this way information concerning 
caethyl tetraphosphate was brought to this 
ntry. 

Hexaethyl tetraphosphate is easily made by 
cting triethyl phosphate, a liquid used in the 
stic industry, with phosphorus pentoxide or 
osphorus oxychloride. The product is a heavy 
uid, which dissolves readily in water and most 
panic solvents, excepting kerosene. Hexaethyl 


@raphosphate is twice as toxic as nicotine to 


ids. This fact is of commercial significance, 
ause the demand for nicotine is always greater 
n the possible supply from tobacco. Hexaethyl 


: raphosphate is also highly effective in killing 


ny other insects and is toxic to warm-blooded 


Mimals as well, its acute oral toxicity being 


rty-five times that of DDT. 


WStudies by chemists at the Agricultural Re- 


arch Center at Beltsville, Maryland, have shown 
at hexaethyl tetraphosphate is a mixture and 
at its toxicity is due to its content of about 

percent of tetraethyl pyrophosphate. This 
mpound can be readily made by the same proc- 
5 used in making hexaethyl tetraphosphate, and 


feparations containing about 40 percent of tetra- 


yl pyrophosphate are now on the market. 

he newest insecticide is parathion. This also 
s developed in Germany, at Elberfeld, where 
was known under the code number E-605. 


IB secret was brought to this country late in 1945. 
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Parathion has aroused great enthusiasm among 
the applegrowers in Oregon and Washington be- 
cause of its ability to kill mites, which are re- 
sistant to DDT and most other insecticides. 
Parathion is also toxic to a wide range of insects 
that attack other fruits and vegetables. It is at 
least five times as toxic as DDT to mosquito 
larvae. It is more stable than hexaethyl tetraphos- 
phate and tetraethyl pyrophosphate, and a spray 
deposit retains its insect-killing property for 
several weeks. The disadvantages of parathion 
are its garliclike odor and its high toxicity to 
warm-blooded animals. Its acute oral toxicity to 
rats is seventy times that of DDT; moreover, it 
damages the colon, and necrosis of the gall bladder 
has been noted in rats. There are indications 
that parathion has a cumulative effect. 


The prospective user of all these insecticides 
should keep in mind that they are so new that 
many questions concerning them cannot be 
answered. Most of them are highly specific in 
their action and are ineffective against certain of 
our worst insect pests; some have offensive odors 
and may taint foodstuffs; all are poisonous to 
man and must be applied at such times and in such 
dosages as to avoid spray residues on fruits and 
vegetables. Some may cause toxic symptoms if 
applied to the skin, and the operator who applies 
them should wear protective clothing and a 
gas mask. If handled with an understanding 
of their physical, chemical, and pharmacological 
properties, however, these new products will 
constitute valuable additions to the chemical 
weapons man must employ in his unceasing war 
against injurious insects. 

R. C. Roark 
Bureau of Entomology and 

Plant Quarantine, USDA 

Beltsville, Maryland 


TEXTILES THROUGH THE MICROSCOPE 


HE microscope is thought of by the average 

person as an instrument a scientist uses for 
le such study as the anatomy of bugs. It would 
dom occur to him that this same instrument 
used, although indirectly, in the improvement 
chemically treated textiles, which the customer 
ll eventually purchase in a department store. 
br example, the housewife examines a piece of 
bth for desirable qualities with never a thought 
what chemicals or processing went into its 
Anufacture or how the small fibers would look if 
e could see them. 


The microscopist in a textile laboratory is able 
to observe such things as the fiber shape, the 
structure of fibers, yarns, and cords, and the 
penetration of chemicals into yarns and fiber walls 
so that the chemist may know why his treatment 
did or did not give good results. Full discussions 
of the usual methods for such investigations 
have been published in both textbooks’? and 
journals.*:* 

The chemist measures quantitatively the per- 
centage ‘“‘takeup” of chemicals in a series of 
samples treated by different methods, but only 
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through microscopy can he know just how far 
these chemicals have penetrated into the fiber or 
yarn. Crease resistance in fabrics may be obtained 
by impregnating the cloth with any one of several 
resins’. If resin-impregnated cotton yarns are 
soaked in a solution of a dye that stains the resin 
and not the cotton fibers and then a thin section 
is cut, the penetration or lack of penetration can 
be seen. Figure 1 (A) represents a cross section 
of a pretreated cotton yarn photographed under 
the microscope to show that melamine resin has 
partially penetrated the fiber walls; and (B) shows 
that urea formaldehyde has penetrated the yarn 
only. To obtain these pictures, treated samples 
were dyed overnight in a 1 percent solution of 








Fig. 1. 4: Cross section of pretreated cotton yarn in 
which black areas represent penetration of melamine resin 
into fiber walls. Some fibers show complete penetration and 
others are affected around outer edge only. B: Cross sec- 
tion of cotton yarn in which black areas represent deposi- 
tion of urea formaldehyde resin around fibers. 
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Kiton Pure Blue V, rinsed thoroughly, and ero; 
sectioned in the Hardy hand microtome,® a spe 
device designed for cutting fibers. Thus, with ¢ 
technique, samples treated according to vari, 


procedures can be examined to see exactly what}: 


Fig. 2. Cross section of 3-ply cotton tire cord show 
adhesion of black rubber stock to edge of cord. Each 
contains 4 single yarns. 


pss 


Fig. 3. Cross section of 2-ply rayon tire cord show" 
penetration of latex into cord. Black areas represent lo 
tion of latex. 
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Fig. 4. Left: Cross section of well-mercerized Empire cotton. Right: Cross section of untreated Empire cotton. 


Fig. 5. Longitudinal view of cotton fiber swelled with cuprammonium hydroxide to show ballooning. Inside the 
loons may be seen the layers of cellulose composing the secondary wall. 
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happened during each treatment. The method of ap- 
plication that gives the best results can then be 
selected. 

Textile microscopy can also be applied in the 
study of tire cord construction, adhesion, and 
impregnation. Rubber adhesion may be determined 
visually by the microscopical examination of a 
cross section in which the black rubber stock 
around the edge of the cord is easily discernible 
(Figure 2). Latex penetration presents a problem 
of its own because of the lack of color of this 
substance ; however, by using a staining technique 
developed at the Southern Regional Research 
Laboratory,’ it is possible to show the exact 
location of the latex in situ in the cord. Figure 3 
is a cross section of a 2-ply rayon cord showing 
penetration of latex into the center of each ply. 

As a further illustration, the microscope has been 
useful in studies of mercerized cotton, known 
principally because of its commercial use in sewing 
threads, socks, and fine fabrics, This chemical 
process, which involves treatment with 18 percent 
sodium hydroxide under tension, swells the fibers 
and leaves them lustrous. To determine whether a 
sample of cotton has been well mercerized, it is 
cross-sectioned and examined under the microscope. 
If the treatment has been effective the fibers will ap- 
pear to be virtually round (Fig. 4, left) as compared 
with irregularly shaped fibers in an untreated sam- 
ple (Fig. 4, right). 

When the chemist is familiar with the make-up 
of cotton he can often predict the results of his 


Fig. 6. Longitudinal view of partially carboxymethy- 
lated cotton fiber swelled with water to show ballooning 
similar to that seen in Fig. 5. Layers of secondary wall are 
not visible since fiber appears to be fused. 
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treatment before applying it. The microscope ; 
in studying the internal structure of cotton.®; 
this purpose, fibers are swelled with cupran 


nium hydroxide, which causes the primary wah > 


raw cotton to peel back and the secondary 


consisting of layers of cellulose, to swell out 
form balloons. Figure 5 is a photomicrograp : 


a cotton fiber in which the primary wall, y; 


pressure of the swollen cellulose, has burst 07 


formed constricting collars, or bands. This mie 
scopical technique reveals the cellulosic layers ¢ 


posing the secondary wall, spiraled bands arog) 


the outside of the fiber, and, sometimes, reversf 


in the direction of this spiral. 
With the microscope it is possible to study s 
chemical treatments as the partial carboxymet! 


ation of cellulose,’ which produces quickly sy J 


able cotton fibers to be used in cloth where raf 
absorbency is desired. Figure 6 shows a parti: 
carboxymethylated fiber swelled with water to: 


the effectiveness of the treatment used. Although 


the secondary wall of the fiber is distended a 


Figure 5, the lamellae are not visible because if 


chemical and physical properties have been alter 
by the treatment. 


Microscopical investigations have been useful & 


a check in differential dyeing studies of thick- a 
thin-walled fibers."* According to this dyeing te: 
nique, when a mixture of mature (thick-walle 
fibers and immature (thin-walled) fibers is dyed: 
a special solution containing both red and gre 
dyes, the mature fibers absorb the red dye and ti 
immature fibers, the green. The microscopist sef 
rates the sample into the two colors and examit 
the fibers in cross section. For all the varieties 
cotton examined, the microscopical test has chec! 
with the dyeing test. Figure 7 (left) is a pho 
micrograph of a cross section of mature fibers (4) 
red) and (right) of a cross section of immatu 
fibers (dyed green). 

Problems in fiber identification are frequen! 
solved with little difficulty when the sample 1s « 


and, therefore, an unknown sample may be ide 

fied by comparison with others of known or! 

Figure 8 is a cross section of a yarn purported! 
contain all wool fibers. Upon examination, howevt! 
it was found that the cloth contained a mixture’ 
wool, rayon, and cotton. Of interest also is the ‘# 
that it was possible to detect the presence of 


worked wool because of the wide variety of col’ 
represented in the center of these fibers, indicat" 


their previous use in lighter-colored textiles. 
The role that the microscope plays in the it 
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ig. 8. Cross section of mixed yarn containing (a) 
ol, (b) rayon, and (c) cotton fibers. 


ovement of commercial textiles is varied and only 
iefly outlined in this limited space. There are 


‘By other applications of microscopy that play 


important part in the commercial manufactu~e 
chemically treated textile materials. Fiber mi- 
"@oscopy is not used to study chemically treated 
Materials only, however, but may be applied to 
ch related branches of research as genetics, phys- 
al testing, fiber and yarn processing, and the in- 
ection of damages caused by weathering, aging, 
hd mechanical wear. This field of research offers 
limited opportunities for the fiber microscopist to 
sist first the chemist and ultimately the manufac- 
rer in the development of improved materials for 
bnsumer use. 


Fig. 7. Left: Cross section of mature (thick-walled) 
cotton fibers dyed red in differential studies. Right: Cross 
section of immature (thin-walled) cotton fibers dyed green 
in differential dyeing studies. 
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THE STUMBLING CLIMB 


Science and its Background. H. D. Anthony. 304 pp. 
$3.00. Macmillan and Co., Ltd. London. 


N RECENT years many histories of science have 
| appeared, dealing with one branch of science or 
one period or a single country. Similarly, historians 
have recognized the importance of science in the de- 
velopment of human knowledge as a whole. The au- 
thor’s claim to a new approach to the subject is based 
on his effort to bring these two lines of investigation 
into intimate conjunction, carrying them along to- 
gether so that scientific discoveries become an integral 
part of the general stream of man’s development 
through the ages. 

In the earlier part of the volume, the research, 
teachings, and discoveries of about fifty outstanding 
men are set forth in the social and political back- 
ground in which they arose. Thales, the philosopher, 
Hippocrates, the great physician, Leonardo da Vinci, 
Aristotle, and Galileo may serve as examples of the 
author’s clever selections to show how from the be- 
ginning of the human struggle to understand the 
world, one after another great thinker has expanded 
the field of science with contributions vital to further 
progress. 

Progress was by no means at a uniform rate. There 
were times when science languished in the doldrums 
of confusion. Then some brilliant genius invented an 
instrument or devised a new method that threw a 
clear light on enigmas and mysteries, and made the 
pathway easier. There is a real excitement in travel- 
ing again over the road on which man stumbled for- 
ward for centuries. Such a simple matter as the Arabic 
system of numbers made elaborate computations, 
theretofore impossible, easy and rapid. What if to- 
day we tried to multiply DCC by XIX in the old 
Roman notation? Then in the nick of time Copernicus 
upset the Ptolemaic, or geocentric, theory of the uni- 
verse, thus clearing up one more mystery; or Harvey 
demonstrated the circulation of the blood; or Newton 
discovered the law of gravitation; or Lavoisier laid 
the foundations of chemistry. Even the alchemists 

were on the right track on the possibility of transmu- 
tation of the original elements. Today the atomic in- 
vestigations have set the transmutation of uranium 
among the items of information in the daily press. 

The name of Pasteur is immortalized in the process 
of rendering milk safe to drink. Lord Lister slew the 
dragon of septicemia. Simpson and Morton brought 
the blessing of anesthesia to suffering man. 

The author takes the reader step by step along the 
road man has traveled, showing how the thousands 
of inquiring minds have paved the way to the myriad 
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contrivances of the modern world. And the en 
not yet. Each discovery leads to another, the rope 
which man has climbed consisting of three strand 
knowledge, action, and vision. Each discover 
quickly translated into action and practical use, » 
also sets men to dreaming of further advances. 
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The Use of Isotopes in Biology and Medicine. A yy; Bixte 
posium. xiv+445 pp. Illus. $5.00. University § @pists 
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Wisconsin Press. Madison. 

HE use of isotopes in biology is about twer: 

five years old, in biochemistry only fifteen, z 
in medical diagnosis and therapy about ten. He 
the field is very new, standard practice is in : 
process of development, and the number of work 
acquainted with the techniques few. 

The present book, really a collection of relat 
papers by notable pioneers in the production x 
utilization of isotopes, is designed to educate not or 
the novice about to begin his investigation, but ai 
the expert who wishes to keep himself informed as: 
the progress being made by his colleagues in relat 
fields of endeavor. It is recommended to the nucle: 
physicist or isotope chemist who wishes to know h 
products are being utilized in order that he may pl: 
the direction of his future efforts, and to the biologi: 
biochemist, and medical man who wishes to ma 
the most efficient use of this new tool. 

The Use of Isotopes in Biology and Medicine k 
gins with a short Preface by Perry W. Wilson anda} 



















































address of welcome by William A. Middleton, Unf] a 
versity of Wisconsin, where the symposium was hel. ‘ties 
The first paper of the book proper is an excelle Lene 
résumé by Hans T. Clarke, of Columbia Universit Acti 
of the Historical Background of Isotopes in Bw addi 
Chemistry. It will be recalled that Dr. Clarke wah] ia 
associated with Dr. Urey in the early days of ti ety 
separation of heavy water and that he also play] engi 
an important role in the penicillin research progr ae 
during World War II. oe i 

In the next paper—Separation of Stable Isotope @ iy... 





the reader is given a brief but thorough course in ty” 
cascade diffusion method of Hertz, the chemicgy 








separation methods, and the thermal diffusi saad 
methods of Clausius and Dickel. This is followed ng 
The Preparation of Radioactive Isotopes, by ‘ 





T. Seaborg, of the University of California. 

Next, Paul C. Aebersold, formerly of the N: 
Research Laboratory, Anacostia, D. C., now (nh 
of the Isotopes Branch, U. S. Atomic Energy Co 
mission, discusses Recent Developments in the Ava 

















anuary 1949, Volume LXVIII 
pility of Isotopes. This is an important chapter for 
,ose who contemplate work with a new isotope and 
ho need to know what quantities of this isotope can 
Me obt 1ined. 
The fifth, sixth, and seventh papers deal with the 
Bretection and measurement of isotopes. These are 








enl § Whe Detection of Stable Isotopes, by Alfred O. Nier; 
Ope undamental Principles of the Detection and Meas- 
ani Wsrement of Radioactivity, by Charles D. Coryell; and 
ery Assay of Radioactive Isotopes in Biological Research, 
C, 2 by Martin D. Kamen. The eighth paper—Preparation 


pf Compounds Containing Isotopes, by Donald B. 
{elville—ends what might be considered the prelimi- 
ary part of the book, on history and general tech- 







iques. 
The middle section, consisting of papers nine to 









\ sf MBixteen, inclusive, is of special interest to physiolo- 
ity pists and medical investigators. The first five of this 

proup deal with metabolic processes. These are: 
_ WStudies on the Metabolism of Proteins, by David B. 





@Sprinson; The Use of Isotopes in the Study of Inter- 
iediate Carbohydrate Metabolism, by Harlan G. 
Vood; The Intermediate Metabolism of Lipids, by 
Konrad Bloch; Tracer Studies on the Metabolism of 
WMineral Elements with Radioactive Isotopes, by 
BDavid M. Greenberg; and Application of Radioactive 
Jodine to Studies in Iodine Metabolism and Thyroid 
Function, by I. L. Chaikoff and A. Taurog. Papers 
on Medical Applications of Radioactive Tracers, by 
oseph G. Hamilton; Therapeutic Use of Radio- 
phosphorus in Polycythemia Vera, Leukemia and 
llied Diseases, by Byron E. Hall; and Treatment of 
Thyroid Disease by Means of Radioactive Iodine, by 
Saul Hertz, are of especial interest to the specialist or 
M@eeneral practitioner in clinical practice. By way of 
an aside, Hall’s paper should be of some interest to 
ematologists investigating the cause and treatment 
of radiation illness as seen in patients and animals 






















ie . . << — 
e exposed to atomic bomb ionizing radiations. 
Ur Health Hazards in the Use of Radioactive Isotopes, 


by William F. Bale, can be classified under the head- 
ing of Health Physics. It is an able condensation of 
many important parts of the late D. E. Lea’s book 
Actions of Radiations on Living Cells, plus a few 
additions. The next paper, by James J. Nickson, 
Measures for the Protection of Personnel and Prop- 
erty, also belongs to Health Physics, with a sanitary 
engineering angle. 

International Aspects of Atomic Energy, by Harold 
C. Urey, takes us out of the realms of science into 
those of politics. This paper should be read by every- 
one. The last paper, Comments on the Development 
ot Atomic Energy, by Farrington Daniels, is a gen- 
eral survey of some of the problems to be expected in 
the course of the development of atomic energy. 


; A listing of other papers on special topics ends the 
00k. 
















: Ricuarp H. Lee, Comdr., MSC, USN 
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The Alphabet: A Key to the History of Mankind. 
David Diringer. 607 pp. Illus. $12.00. Philosophical 
Library. New York. 

HE first third of this book deals with the history 
‘a the nonalphabetic scripts in roughly chrono- 
logical order: cuneiform writing; hieroglyphic writ- 
ing ; the Cretan scripts; the undeciphered script of the 
Indus Valley civilization; the scripts of the Hittites; 
Chinese writing; the ancient scripts of the Americas; 
the script of Easter Island; other ideographic scripts 
of certain Asiatic, African, and American peoples; 
syllabic systems of writing; and certain systems the 
author calls ‘‘quasi-alphabetic’”—for example, the early 
Persian cuneiform, or the inscriptions from Meroe in 
southern Egypt. The rest of the book is devoted to the 
main theme: the development of the alphabet itself. 
Another book promises to deal with the various prob- 
lems of paleography, or “writing” as a whole, includ- 
ing handwriting. H. J. Uldall (Speech and Writing, 
Acta Linguistica, 1944, 4.11-6) has recently shown 
the possibilities a systematic study of writing can 
offer. 

There are few comprehensive studies on this sub- 
ject in the English language since Isaac Taylor’s 
fundamental contribution of 1883. But this book does 
much more than merely fill a gap: it is bound to stand 
as the most authoritative treatment of the history of 
alphabetic writing for a long time to come. This is 
because the book is extraordinarily scholarly and ex- 
haustive. It is, incidentally, also quite exciting read- 
ing. Diringer very seldom engages in speculation, but 
includes only material he can verify from different 
sources. His bibliography, though not complete, is 
useful and well arranged. It is too bad that the author 
found it necessary to cater to that fictitious individual, 
“the general reader,” here and there, particularly in 
omitting the diacritic marks that give us the precise 
pronunciation of the written symbols. 

The history of the alphabet illustrates at least three 
cultural processes: diffusion, independent invention, 
and “idea diffusion” (Kroeber’s stimulus-diffusion). 
For this reason, the book will have special interest to 
scholars dealing with the dynamics of culture change. 
Thé author adduces much evidence to prove that most 
alphabetic writings are derived from a single source. 
The locus of invention was most likely Syria-Pales- 
tine, in the second millennium B.c. Of course the 
scripts of Egypt, Babylonia, and Crete, in all prob- 
ability, exerted some influence in the process. 

The jungle of material connected with the story of 
the alphabet and its descendants must have been very 
difficult to organize into logical divisions. This was 
accomplished with considerable skill, however. From 
the problem of origin, the author passes to the South 
Semitic alphabets of Arabia, the beginnings of which 
still constitute an open question. He next examines 
the Canaanite (early Hebrew and Phoenician) scripts, 
the Aramaic ones, and offshoots of the latter used by 








68 


non-Semitic groups. One of the most complicated and 
difficult groups of problems relates to the alphabets of 
India and southeast Asia, to which the author devotes 
more than a hundred pages. We approach home base 
when we reach the Greek alphabet, the main offshoot 
of which was the Etruscan alphabet; its descendant, 
the Latin script, in turn, led to the development of all 
the modern alphabets of western Europe. 

The many illustrations add much to the fascination 
of the book. 

Tuomas A. SEBEOK 

Department of English 
Indiana University 


SOCIAL INTEGRATION 
Society as the Patient: Essays in Culture and Person- 
ality. L. K. Frank. xiv +395 pp. $5.00. Rutgers 
Univ. Press. New Brunswick, N. J. 
_ asennad is as much an imperative in 

academic thought and science as it is in personality 
if social progress is to be sustained. For a quarter 
of a century, Lawrence Frank has pioneered this 
point of view in his insistence that a psycho-cultural 
approach to our problems—utilizing the confluent 
skills and findings of psychology and psychiatry, 
anthropology and sociology—is essential if adequate 
solutions are to be found. The present volume of 
thirty essays, reprinted in essentially their original 
form from the many professional journals to which he 
has contributed, represents the wide range of interest 
to which he has applied his principles of confluence 
and synthesis. The fields range from economic to 
social psychology, from education to the speculative 
orientation of the arts and sciences. 

Too many people for too long have operated in the 
belief that we are all a product of the culture in which 
we live, as if that living matrix were immutable. 
Frank’s most consistent argument—which strikes at 
the heart of all temporal power and vested interest 
intent upon preserving the status quo for their own 
sake—is that culture is plastic and elastic. It holds 
the hope “of a culture to serve human needs and 
es 

Frank is revolutionary only in so far as being 
thought-provoking is revolutionary. As a_ social 
scientist, he is a democratic evolutionist firm in the 
belief that the individual, too often sacrificed to 
social organization through his own doing, need not 
be so sacrificed. Freedom from the social “plaster cast” 
does not demand shattering that cast, but rather un- 
derstanding how it came into being, the individual’s 
relationship to it, the possibility of substituting a 
lighter, more durable, more useful cast. In the be- 
ginning man, out of his need for him, made God; 
and he has been changing, swapping, and substituting 
for him ever since. This is something of our relation- 
ship to culture. 

In none of these essays has Frank attempted to 
package any of the problems about which he writes 
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or to establish any formulas for their  solutio; 
Rather, in the language of experimental science, | 
points the way to, and provides us with, leads 
those who have missed the provocativeness of |); 
Frank’s individual contributions, this volume will }, 
most welcome. 

JOsEPH Hips 
Council Problems of Alc 


The Research on 


New York 


PATTERN OF ALIENATION 


A Mask for Privilege. Carey McWilliams. xiii +28 
pp. $2.75. Little, Brown. Boston. 


HE thesis of this book is that anti-Semitism j 
| proseinert related to our capitalist society, thy 
it was instigated during the last century by the “ 
dustrial tycoons” as a diversionary, scapegoat tec). 
nique to defend their own privileged positions and t 
conceal their egregious exploitation, and that it «. 
veloped into an antidemocratic force, following t 
consecutive pattern of social, economic, and politic; 
exclusion. Driven inevitably to marginal occupation 
and status, the Jew thus becomes uniquely vulnerabi: 
to group hostility. Anti-Semitism, therefore, wi 
ultimately cease only in a noncompetitive, planne 
society. Although the societal emphasis of the boo! 
is a valuable antidote to much of the loose psycho 
ogism permeating many of the works today purportiny 
to deal with “prejudice,” it rides its economic de 
terminism too hard in the face of—and to the neglec 
of—other historical factors. 

1) Mr. McWilliams never poses these crucial ques 
tions: Why in 1877 did the conspiring “industria 
bourgeoisie” (rather simplistic historiography ) choos 
the Jew as scapegoat? Why did otherwise sober met 
of goodwill among all classes, trades, and profession: 
find it easy then, as now, to believe the most fantasti 
theories and canards about him? Why is it that, a: 
though other racial, religious, and national minorities 
have also suffered discriminations, the Jew remain 
unique among Toynbee’s “penalized minorities” 0 
vestigial antiquity? The answer antedates industria 
capitalism; it is to be found in organized Christianity 
which during its beginnings developed a theologic: 
corpus concerning the Jew that not only provide! 
the rationale for official oppression but for all the 
subsequent iniquities associated with Jewish stereo 
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types. Before the advent of the Christian Church thf) 


Jews had, like others, incurred dislike whenever the) 
participated in economic, cultural, and religious rival 
ries with different peoples; but after that they becam 
a subject group, deprived of the citizenship they ha‘ 
enjoyed under the Roman Empire. More than that 
they were viewed—according to patristic falsification 
of history—as the crucifiers of Christ, cursed by Go: 
for having betrayed his laws and condemned 
wander the earth until the required remnant ha 
been converted to Christ’s vision. It was in this 
period that the concept of the Jew as an “alien body 
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5 created, a concept which provided a continuing 
se for the economic, social, political, and psycho- 
ical accretions of anti-Semitism later grafted upon 
and which also explains why those multiple and con- 
ry accusations leveled at the Jew by his enemies to 
s day are so plausible to them. Being what he is, a 
y is simply capable of anything! Incidentally, in 
»w of the fact that McWilliams’ pet thesis has long 
en subscribed to by “bourgeois,” let alone Marxist, 
estigators, it is difficult to account for his statement 
at “the inadequacy of social theory in relation to 
s crucial problem is a scandal for which every 
ial scientist in the U. S. should feel ashamed.” 


@2) Although the author outlines the customary 


ertarian program of civil, legal, political, and 
pnomic weapons to combat prejudice and discrim- 


imation, the underlying assumption conveyed is that 
@formism alone will not suffice. What is needed is a 


mocratic, noncompetitive society, one ostensibly 


@pproximating the success of the USSR where “the 


ysical and economic security of the two million or 
bre Jews may be taken for granted.” No one need 
ue at this late date that scapegoatism is correlated 
th economic insecurity, social conflict, and political 
tability. Furthermore, whether any society, no 
atter how enlightened, can ever completely cope 
th the problem of emotional deprivation so that no 
dividual experiences aggressive impulses remains 
the future. What we cannot permit to pass at 
is point, however, because of the important relation 
tween societal structure and intolerance is McWil- 
ms’ perpetuation of another Soviet myth. 
Contrary to popular opinion, the USSR is not free 
anti-Semitism. That the voluble defenders of Rus- 
pn policies throughout the world point to a demo- 
atic constitution instead of to daily realities as 
ontrovertible evidence is another example of what 
lone in another connection has called legalistic 
retinism.” Space does not permit any elaboration of 
is much-misunderstood problem; but the interested 
ader may consult such authoritative sources as 
hwarz, Nomad, and Lestchinsky, as well as the 
ports of refugees and displaced persons and of the 
orldover Press concerning the growth of anti- 
mitism within the USSR and its satellite nations. 
hat exists at best in the Soviet Union is ethnic 
ality; this means that the Jews, like other minor- 
es, are subject to similar privileges and indignities. 
hnic democracy, or the political freedom of a group 
its relation to the state, the Jew certainly does 
t enjoy. 
Finally, since McWilliams’ cure for anti-Semitism 
in a radical transformation of our society, to be 
rected in large measure, no doubt, by a political 
rty, one wishes that he were not so nebulous on 
ls subject and that he would for sake of program- 
atic clarity indicate what existing organization is 
ost capable of furthering his socialist objective. 
GrorceE KIMMELMAN 
iladelphia, Pennsylvania 


PHYSIOLOGY FOR BEGINNERS 


The Machinery of the Body. (3rd ed.) Anton J. Carl- 
son and Victor Johnson. xxi+639 pp. Illus. $4.50. 
Univ. of Chicago Press. 

i Ear book, the first edition of which appeared 

in 1937, is designed to serve the beginner in the 
science of physiology. The authors are eminently well 
qualified for the task. Dr. Carlson, who is renowned 
for his work in experimental medicine, is professor 
emeritus of physiology at the University of Chicago. 

Dr. Johnson, who was at the time of the first edition 

a member of the same department, is now director of 

the Mayo Foundation for Medical Education and 

Research. 

With the background available to the authors it is 
not surprising that this textbook should be accurate 
and remarkably inclusive. Constantly emphasized are 
such important aspects of science as the close relation- 
ship of physiology to chemistry and physics. The im- 
portance of the experimental method is stressed 
throughout. As befits the orientation of scientific 
thought today, deficiencies of knowledge, and prob- 
lems requiring further research, are frequently pointed 
out. 

Long familiarity with scientific terminology has 
led the authors to assume an unusually large vocabu- 
lary even for the college level. It is undoubtedly true 
that the vocabulary is expanded and enriched by 
stretching for words; nevertheless, some simplification 
in this respect might not be amiss, and the incluson 
of a glossary of terms for the scientifically untrained 
reader would greatly facilitate reading the book. 

From a mechanical point of view, with the possible 
exception of illustrations, this book is well done. The 
type is clear and large. There are few misprints— 
“mecury” on page 193 is one spotted by this reviewer. 

There is no doubt that this is one of the best books 
available for the intelligent reader who desires to 
learn something of the workings of the human body. 
Any educated person cannot help but enjoy reading 
this book. Indeed, it contains much of value for the 
scientist who already has some familiarity with most 
of the topics presented. 

EpwINn P. JORDAN 

Cleveland Clinic 

Cleveland, Ohio 


THE SOCIAL INSECTS 


Our Enemy the Termite. (Rev. ed.) Thomas Elliott 
Snyder. xiii + 257 pp. Illus. $3.50. Comstock. 


OME advances have been made in the fields of 
termite biology and control since the first edi- 


tion of this book appeared in 1935. The revised edi- 
tion presents much of this new material, especially 
that in the field of control. Many new and excellent 
illustrations have been added. 

The first section of the book, dealing with the 
biology, taxonomy, and paleontology of the group is 
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generally good. Dr. Snyder has changed his position tire second half of the book is devoted to a discys:mmmtinue 
on the determination of castes to the inhibition theory, of the nature of mathematics and scientific mer),qmmepetu 
which is in line with the most recent experimental laws, and principles. Phe ta 
findings. I feel, however, that there are several por- As may be surmised from the Table of Conte olarly 
tions of the discussion that do not present the most ll the knottiest problems of philosophy, and ejmmmesPOUS 
recent aspects of caste development and where the cially of epistemology, are encountered in this yqggye 27° 
presentation of the facts is confusing. I refer mainly ume. An adequate discussion of the author’s hand; balizir 
to the sections dealing with Reproductive Forms and of a single one of them would go far beyond the lin; btless 
Intermediate Reproductive Forms. It seems unfortun- of this review. Suffice it to say that, in my opin tical n 
ate that the more recent view regarding the repro- the basis for the interminable difficulties with whggge™U0" 
ductive forms, which is strongly supported by ex- this book struggles is the reluctance to abandon mm "4S 
perimental evidence, is not also presented. This view ancient dualism of “mind” and “matter,” to use qages® th 
holds that there is only one type of true reproductive traditional terms. If one wishes to adopt this dichjimmpPOS® | 
caste, the alate (the “first form” reproductives of omy (however disguised), certain consequengmm!i08T@l 
Snyder). All other individuals functioning as repro- doubtless follow and there is little reason to quar: 
ductives are supplementary forms, arising from im- about them. It becomes rather a practical question 
mature nymphs, either wing-padded or apterous (the what it shall profit us in the solution of certain proj 
“second form,” “third form,” and “intermediate” re- lems of living on the earth to adopt positions of : 
productives ot Snyder). type reflected in such passages as, for example, 4 
The second section of the book presents an honest following: Ins 
picture of termite damage and critical suggestions for 
the prevention and control of termite attacks. It in- 
cludes a discussion of the new insecticides, as well as sang to find thelr justification end sanction, nat ELD 
those which have been utilized for many years. The jahoratories and scientific methods, but in a realm b acti 
keys for the identification of the genera and sub-  yalues—human and humanitarian—which can neither | 
genera of the Isoptera occurring in the United States scientifically analyzed nor reduced to functional equatix 
may prove difficult for the uninitiated. The useful- (pp. 331-2). 
ness of the book is greatly increased by the extensive 
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The moral and social obligations to which scienti Ci 
len 


must and do submit transcend the realm of empirical 4 


rpose | 
. Swa 
ences 


Natenne: sites stelle « eitediatie tee iM apn Any science, therefore, which is concerned with tqijfoups— 
eee : lien mas ali such vOl- characteristic features of “mind” as they are revealed da, an 


ne z . of the “modes” of experience deals with a subject matt bychop 

The value of the book will be self-evident. It has which is not in the same universe of discourse with im 
seemed most important however, to point out a few content of experience which is the subject matter of t 
weak points upon which those wishing to inquire fur- natural sciences. Hence, to the extent to which psyc! 


1 naan 
ther may be well advised to refer to the work of the ogy is concerned with “mind” in the sense here dei + a 
investigators mentioned in the text. it indicates a new dimension of investigation and can nev , aD 
be included in the integrated and “closed” system of t ied b: 
natural sciences. The categories of the “external” wor he n 


eo 


=, hor ag he tia and the principles and “laws” which integrate the con’ p mor 
eens & Campers of experience, are not of the type required for the uné erica 
meninies 4 standing of the “modes” of experiencing that content d of 
418). 
THE ANATOMY OF PHILOSOPHY pacellent 


; Enitely dicclaims (amen, W 
The Basis and Structure of Knowledge. W. H. Werk- ‘ at aul ee at etal haraege | ongeen ele. TI 
meister, xi+ 451 pp. $5.00. Harper. New York. * moaromeneies ond grat art tase star ag et ly che 
social sciences (which he promises to do in a tug’ * 

Me subject indicated by the title of this book is work), and these few passages in a book devot whict 
one of the most obscure in the vast literature of | mainly to other subjects should, therefore, not be efly i 
philosophy. Let it be said at the outset that the author greatly emphasized. I quote them chiefly to charac qm ure 
has labored earnestly, and always with scholarly ize the viewpoint of the book rather than to iny The . 
ability, to clarify the topics treated with due refer- that the contents are mainly on this subject. A’ hnica 
ence to the developments of the last century in the I believe that the viewpoint reflected in these passags the ¢ 
physical sciences and mathematics. The point of view _ underlies in a fundamental way all the obscuritie Bcolor 
of this volume is indicated in the introduction, in inadequacies which characterize the whole volume. ge ' 
which the author finds that the position of the “logi- the final analysis, science and philosophy are both! hich a 
cal positivists” is on the wane. The present book con- kind of social behavior, and the epistemological pr terfli 
sists chiefly of an elaboration of certain ideas pre- lems that have always bedeviled the subject of p> fo 
viously expressed in the author’s Philosophy of Sci- losophy can, in my opinion, be resolved only whet! ngs 
ence and other writings. The contents are organized more adequate science of human social (includagyggere 
into four principal sections as follows: Language verbal) behavior is developed. But if we assume jp °"¢ 
and Meaning; Truth and the World About Us; begin with the impossibility of an empirical sciet The s 
Formal Knowledge; Empirical Knowledge. The en- of this subject matter, then I fear philosophers WIP* dh 
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tinue to pursue epistemological problems in a 
petual circle. 
The fact remains that the author has written a 
olarly treatise from the viewpoint he has elected 
espouse. Those who find this viewpoint a profit- 

and an illuminating way of looking at, and 
balizing about, certain problems of philosophy will 
sbtless find this an excellent text. Nor should the 
ical remarks made above be allowed to distract 
ention from the wide range of interesting material 
1 reasoning the author has assembled and, of 
irse, the many excellent discussions with which, I 
ppose, nearly all would agree. There is an excellent 
liography and an index. 

GEORGE A. LUNDBERG 

partment of Sociology 
iversity of Washington 


EVERYMAN’S COMSTOCK 


e Insect Guide. Ralph B. Swain. xlvi+261 pp. 
llus. (by Susan N. Swain). $3.00. Doubleday. Gar- 
Hen City, N. Y. 

ELDOM does one have the pleasure and satis- 
) faction of reading a book so well suited to the 
rpose for which it was written as The Insect Guide. 
. Swain begins by giving in tabular form the dif- 
ences between the Insecta and the other arthropod 
pups—Palaeostraca, Crustacea, Arachnida, Diplo- 
da, and Chilopoda—all of which are figured. The 
ychophora are omitted, probably because they are 
regarded as arthropods or because they are not 
ind north of Mexico. Following this are a brief but 
ll-written and adequate account of insects in gen- 
l,and another of their structure, the latter accom- 
ied by good figures of their essential features. 

he main body of the work consists of notices of 
p more important families of insects in North 
erica north of Mexico. The selection of families 
d of the examples chosen to represent them is 
cellent. An enormous amount of information is 
en, written in a condensed yet clear and attractive 
le. This information has evidently been very care- 
ly checked, for there are unusually few statements 
which anyone could take exception, and these are 
iefly in the account of the butterflies. The nomen- 
ture has been brought thoroughly up to date. 

he illustrations are exceptionally good, from the 
hnical as well as from the artistic viewpoint. A few 
the colored figures were prepared from faded or 
scolored museum specimens, which is inevitable, 
d in some the color reproduction is not too good, 
hich is not the fault of the artist. In the figures of 
erflies and moths there are a few minor inaccura- 
ts—for instance, in Figures 83a and 84 the fore- 
ngs are too pointed—but these are negligible. 
gure 83b shows both Colias philodice eurytheme 
d one of the yellow subspecies. 
The section on collecting, preserving, and studying 

is comprehensive, well written, and well illus- 
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trated. An interesting innovation is the tabulation of 
the insects, with figures, on the end papers. 

Dr. and Mrs. Swain evidently devoted a vast 
amount of time and thought to the preparation of this 
book. It is no easy task to gather such an immense 
amount of material and then to sift it and present 
it in such excellent form. They are to be congratu- 
lated on having produced a book that represents a 
notable contribution to the literature on popular 
entomology. 

AusTIn H. CLark 
Smithsonian Institution 


LITERARY FLIGHTS 


Voyages to the Moon. Marjorie Nicolson. xii + 297 
pp. Illus. $4.00. Macmillan. New York. 


eral ways whereby this flying in the air hath been, 


7 WILKINS said in 1638, “there are four sev- 
3y spirits or angels. By the 


or may be attempted.... 
help of fowls. By wings fastened immediately to the 
body. By a flying chariot.” The first part of Dr. Nicol- 
son’s scholarly and amusing book discusses the litera- 
ture of man’s attempts to fly from the earliest recorded 
Chinese and Greek legends; Daedalus and Icarus are 
familiar to everyone. 

The “new astronomy” of the early seventeenth cen- 
tury, the turn from the old superstitious way of think- 
ing toward a more nearly scientific way, engendered 
a whole new literary trend. Science does stimulate 
“the minds of writers of fiction.” Then the tales of 
flights—cosmic and terrestrial—drew away from the 
supernatural voyages such as Kepler’s Somnium and 
Francis Goodwin’s Man in the Moone. Bacon, Wil- 
kins, and others wrote of attempted flights by artifi- 
cial wings, and such satirists as Samuel Johnson in 
The Dissertation on the Art of Flying made merry. 
The idea led gradually to the “flying chariot” en- 
thusiasm of the eighteenth century. In 1705 Daniel 
Defoe in his Consolidator played with the “theme of 
a world in the moon.” Swift’s Flying Island in the 
third book of Gulliver’s Travels marks the “literary 
climax of cosmic voyages by means of flying chariots.” 

Later in the book, Dr. Nicolson shows what “cer- 
tain fanciful, whimsical, sometimes poetic minds made 
of the planetary voyage.” There is “Endymion’s way, 
by rapture in sleep, or a dream” and Cyrano’s “trans- 
lation of Adam” and “the idea of the separation of 
soul from body” in Gabriel Daniel’s A Voyage to the 
World of Cartesius. In mid-eighteenth century Vol- 
taire published his Micromégas which may be the 
parent of today’s pseudo-scientific stories of inter- 
planetary activities. For finale, there is Carroll’s Alice 
in Wonderland, which, we never before realized, is 
a cosmic voyage. Jules Verne, H. G. Wells, and other 
“moderns” appear in the epilogue. 

The book is the light avocational work of a well- 
known educator of distinction. The material was col- 
lected over a period of years while the author was 
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actively engaged in more serious, though related, 
matters. It has an extensive bibliography and com- 
plete index but is not intended to be an exhaustive 
treatment of the subject. It is meant to be entertain- 
ing, and it succeeds in being informative as well. 
Marjorie B. SNYDER 


Washington, D. C. 


BRIEFLY REVIEWED 


Mathematik, Logik und Erfahrung. Victor Kraft. 129 
pp. $2.40. Springer-Verlag. Vienna, Austria. 
Most of what Professor Krait has to say will be 

familiar to English-speaking students of the philoso- 

phy of mathematics. The author is particularly con- 
cerned with the empirical validity of arithmetic and 
geometry, and likewise for logic. He also attacks 

“conventionalism,” this in the sense, for example, that 

it is a pure convention whether empirical space is 

Euclidean or non-Euclidean (Russell). Possibly the 

matter in dispute is one of those things in which no 

meaningful conclusion can be reached. This, however, 
does not detract from the interest of the author’s 
presentation. 

{. T. BELL 

California Institute of Technology 

Pasadena 


Making Friends with Birds. A. F. Park. xi+216 pp. 
Illus. $6.00. Chatto & Windus. London. Macmillan. 
New York. 


This book is not a contribution to technical knowl- 
edge of birds, but is concerned with the author’s ad- 
ventures with various common English birds, and his 
close-range observations of them. Unlike most pho- 
tographers, he has preferred to work with birds for 
which no “blinds” or “hides” were needed. This has 
resulted in the absence from his book of the shyer, 
more timid, and hence less well-known, species that 
many photographers seem to consider more interest- 
ing or, from the standpoint of photography, more 
challenging; but it has given him the opportunity of 
making more extended and more intimate recordings 
of his subjects. The book is written from the view- 
point of the photographer approaching birds as mate- 
rial, rather than that of the naturalist using the 
camera as a field tool. The photographs are superb, 
and the observations in the text are remarkably good, 
especially when one considers that pictures and not 
facts were the author’s prime goal. Like most popular 
nature books, there is an element of sentimentality 
and anthropomorphism in the presentation of the 
data, but less so than in many books written by men 
who were primarily naturalists and only secondarily 
manipulators of cameras. 

Some 25 species of birds are treated and pictured 
in as many chapters. Following these are two chapters 
dealing with what the author calls the “photographic 
aspect,” in which he gives advice, based on his ex- 
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perience, to prospective photographers of birds’ new 


of fledgling birds, and of adult birds, and the dif. | 


ences in the problems each of these categories p; 
sents. He ends by giving in tabular form the can:- 


lens, exposure, f no., emulsion, filter, and lighting yf’ 


in each of the 180 photographs in the book. 
HERBERT FRIEDMay 

U. S. National Museum 

Washington, D. C. 


The Farmer’s Handbook. John M. White. xvi+) 
pp. Illus. $4.95. Univ. of Oklahoma Press. Norm: 


I haven’t read this book from cover to cover, for 
is not the kind of book that you read that way. I hay. 
however, examined it rather carefully and find that 
contains a great wealth of information. Naturally, ; 
view of the size of the book and the number of g; 
jects on which it furnishes information, it cannot; 
into great detail. On a number of subjects on whi 
I have had occasion to check the statements ma 


from the standpoint of accuracy, I have found tf 


information reliable. The book is well indexed, an( 
think it is likely to be well received by those who m 
wish a reference book of this type. 

V. R. Garpye 
Experiment Station 
Michigan State College 


The Rescue of Science and Learning. Stephen Dugg: 
and Betty Drury. 214 pp. $3.00. Macmillan. Ne 
York. 

In 1933 the Emergency Committee in Aid of Ds 
placed Foreign Scholars was organized to assist thos 
scholars who were being driven from German at 
other European laboratories, libraries, and _lectu 
halls by the mounting fury of Nazi intolerance a 
persecution. The work of this Committee, direct: 
by the two authors, who are therefore competent ! 
write its history, ended in 1945, and this book is ti 
record of its accomplishments. It is a record in whic 


@utri 
nent 


the United States, its universities, its foundations, auf 


a host of individual contributors may well take pritt 


Several thousand scholars were forced to flee fron” 


Germany and other Nazi-dominated lands, but not 
of these came to the United States. Of those who 
seek refuge here, 335 were directly aided by the Com 


th 


mittee. This final report therefore tells not only th 


administrative history of the Committee but also 
tempts to describe the adjustment of the displac 
scholars to their new environments, their contrib 
tions to the war effort, and their fields of speciali 
tion. It lists the institutions where they were invit 
to work, together with much other interesting data. 
The dry crusts of statistics have been made pai: 
able by being dipped in the milk of human kindne 
and the authors and the members of the Committ 
are to be commended for an inspiring account of 
great humanitarian enterprise. 
Morris C. Le!k!! 


Library of Congress 
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alf Hours with the Great Scientists. Charles G. 

Fraser. xx +527 pp. Illus. $6.00. Reinhold. New 

York. 

In recent years there have been published a number 
bf histories of science, some of which have called 
"Bhemselves “stories.” For the book under review this 
itle is quite appropriate, for in it the humanistic ele- 
ment is predominant; emphasis is laid upon the at- 
itude of the scientific discoverers—their aims, their 
gints of view, and their methods. The book contains 
any illustrations, of which thirty-eight are portraits. 
foreover, the text contains frequent flashes of humor. 

This does not lead to a neglect of the scientific 
ide of the subject. The fundamental facts and prin- 
iples of physics are classified under five headings, 
nd in each class special attention has been given to 
uch features as might appeal to beginners in physics. 
As a result, the book as a whole can be recommended 
s excellent collateral reading for students in physics 
;roughout their whole course of study. 

As an instance of some of the interesting things 
0 be found in a study of the scientific methods avail- 
ble to the ancients, the author cites the Greek sys- 
em of numerals, and gives an example of what we 
ould call simple problems in subtraction and divi- 
ion. The author says: “As we struggle with the 
ntricacies of this computation, our admiration of the 
@rental power of Archimedes, ‘The Reckoner,’ in- 
reases by leaps and bounds.” 

The lay reader of this book will doubtless find it 
hecessary to omit much of the mathematics in its 
bages and confine his reading to its narrative and 
lescriptive portions; but, even so, he will certainly 
ain from it a better understanding of the events that 
Me observes in nature, and will be drawn into closer 
apport with the scientific age in which he lives. 

Paut R. HEYL 

‘ashington, D. C. 


sland Life in Lake Michigan. Robert T. Hatt, Jos- 
selyn Van Tyne, Laurence C. Stuart, Clifford H. 
Pope, and Arnold B. Grobman. xi+179 pp. Illus. 
$4.00. Cranbrook Inst. of Science. Bloomfield Hills, 
Mich. 

This is a concise and informative study of the 
ammals, birds, reptiles, and amphibians of the Lake 
ichigan islands lying off the northwest shores of 
e Lower Peninsula. Following brief accounts of the 
ecent geological and cultural history of the region 
§ an extensive annotated list of the vertebrates (other 
an fishes). Short but provocative chapters on modi- 
cations of habits and on factors of distribution as 
hown by the island fauna will be of particular in- 
Prest to ecologists. An appendix tabulates the species 
bund on each island. There are a good bibliography 
d index. 

Lorus J. and Marcery J. MILNE 

Vepartment of Zoology 

niversity of New Hampshire 
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The Story of John Hope. Ridgely Torrence. 398 pp. 

Portrait. $5.00. Macmillan. New York. 

All Our Years. The Autobiography of Robert Morss 

Lovett. x + 373 pp. $3.75. Viking. New York. 

The science of education in America found two 
stout protagonists in John Hope (1868-1936), the 
fair, blue-eyed, blond Negro president of Morehouse 
College and Atlanta University, and Robert Morss 
Lovett (1870— ), beloved adjunct of the University of 
Chicago. Their biographies, listed above, are among 
the bright spots of the 1948 book crop. Though wide 
apart in many ways, the careers of these near con- 
temporaries have their parallels. Both were lifelong 
university men and inspiring teachers, yet both 
crowned their lives with extra-scholastic service— 
Hope in the field of Negro advancement and race re- 
lations, Lovett in the cause of liberalism and in the 
public service. Lovett had the fortune to be able to 
write his own life story, and he has done it superbly. 
John Hope did not live to write his own biography, 
but he has had remarkably good fortune too in the 
fact that so sympathetic and intelligent a person as 
the distinguished poet Ridgely Torrence undertook 
to do it for him. Both of these books attain a literary 
excellence noteworthy in this day of slapdash. Both 
deserve a wide reading by social and political scien- 
tists and educators. 

PauL H. OEHSER 
Smithsonian Institution 


International Rules of Botanical Nomenclature. Com- 
piled from various sources by W. H. Camp, H. W. 
Rickett, and C. A. Weatherby. 120 pp. $3.50. 
Chronica Botanica. Waltham, Mass. Stechert- 
Hafner. New York. 

This is a second printing, by the offset process, of 
this important compilation. The unofficial special 
limited edition (originally published in Brittonia 1: 
1-120. 1947) was prepared under the auspices of the 
American Society of Plant Taxonomists as a service 
to its members. The need was very great because, 
owing to war conditions, the original edition was no 
longer available. Now through its reproduction it be- 
comes available to all investigators who may have 
need to consult it. Its issue in its present form is most 
timely in view of the active preparation of data to 
be considered at the Seventh International Botanical 
Congress to be held in Stockholm in 1950. This criti- 
cal compilation is, in many respects, superior to the 
original Leipzig edition, notably in the complete and 
critically indexed list of conserved generic names. The 
addition of critical data in the form of footnotes is 
another innovation that is highly commendable, for 
these data tend to clarify certain entries, and call at- 
tention to various items needing further official con- 
sideration. This is a volume that should be on the desk 
of every working taxonomist. 

E. D. MERRILL 

Arnold Arboretum 





CORRESPONDENCE 


RUPPIA BALLS 


The circumstances which led to the publication in THE 
ScienTIFIC MontTHLy of Dr. Essig’s paper! on “The 
Ruppia balls of Little Borax Lake” had an unusual con- 
comitant. The Ruppia balls were brought to the office of 
the University of California herbarium for identification 
and called to the attention of Miss Annetta Carter, senior 
herbarium botanist. Miss Carter, because of her wide 
botanical knowledge and experience, is often able to give 
valuable suggestions that can put the bewildered botanist 
or paleobotanist on the right track. In the search for seeds 
or other objects that might lead to their identification, the 
balls were shaken on a piece of white paper and the 
material examined under a microscope. In the material so 
obtained were many tiny, semitransparent, oval objects 
with one, or usually two, dark spots symmetrically located 
in the axis of the oval, somewhat after the manner of 
Ailanthus fruits. 

The writer is completing a monograph of the fossil 
plants at Florissant, Colorado. Among the unsolved mys- 
teries of the flora were the objects called Ranunculus 
florissantensis Cockerell.2 It was seen early in the study of 
the flora that these fossils could not be those of Ranunculus 
seeds, but their true relations were a puzzle. The Florissant 
material is on thin, light-colored slabs of volcanic lake 
shales and consists of many hundreds of small brownish 
dots scattered over the surface of the bedding planes. 
These dots, when examined with a microscope, show an 
oval shape with a stemlike extension, in appearance like 
a thin membranous wing or semitransparent case, in which 
are embedded two (or, more rarely, one) round, seedlike 
objects. They resemble the seeds of members of the Bigno- 
niaceae, but certain obvious differences render them dis- 
tinct. 9 

It happened that on the day the Ruppia balls were 
brought to the herbarium the writer also took his Floris- 
sant fossils to Miss Carter, hoping for a hint as to their 
identity. She examined them under a binocular micro- 
scope and at once recognized their correspondence to 
the small objects from the Borax Lake Ruppia balls. 
The fossils had reposed in the Colorado mountains 
for some twenty million years and very briefly in the 
museum of paleontology at Berkeley, waiting to 
meet their living counterparts in the University 
herbarium on one particular day in the summer of 
1948—a coincidence almost beyond believing. Both 
the recent and fossil materials were brought to the 
attention of various specialists in entomology and 
botany, but no one recognized them. Finally, they 
were sent to the office of the California Fish and 
Game Commission in Berkeley, where they were 
identified as the egg cases, or ephippia, of the tiny, 
fresh-water crustaceae called water fleas (Clado- 
cera), probably belonging to the genus Moina’ Thus 
Ranunculus florissantensis must be changed from the 
plant to the animal kingdom and the naming left to 
some competent biologist. The identification was due 
to the fortunate meeting of a slab of fossil shale from 


Florissant, Colorado, and a Ruppia ball from Little Borg 
Lake, California. H. D. MacGram 
Diwision of Natural Sciences ie 
Humboldt State College 
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Professor E. O. Essiz’s article “The Ruppia Balls of 
Little Borax Lake” in the June issue of THE Scientinc 
MONTHLY was quite interesting in that it described; 
natural formation of fibers very similar to that en. 
countered in a pilot-plant operation at Armour Research 
Foundation of Illinois Institute of Technology. In the 
pilot-plant operation, a dilute slurry, or suspension, of 
various fibers such as wool or cotton is agitated in a tank 
It was found that under certain conditions of agitation 
the fibers instead of remaining evenly distributed in su: 
pension would roll up into compact balls resembling ver 
closely the Ruppia balls shown in Professor Essig’s article 
Such ball formation was undesirable in the pilot-plant 
operation, and considerable study was necessary befor 
their elimination was accomplished. It was found that 
small localized eddies which moved the fibers about ina 
circular pattern started the formation of the balls. Onc 
the formation started the balls rapidly increased in size by 
rotating and winding up additional fiber. Elimination of 
the ball formation was accomplished by changing the 
agitation so that small eddies were prevented. In view o 
the above laboratory duplication, we believe Professor 
Essig’s conclusion that the Ruppia balls are formed by 


wave action is essentially correct. a 
CLARK E, Tor 


Chemistry and Chemical Engineering Research 
Armour Research Foundation 


Fiber ball formations in the laboratory. 





